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ABSTRACT
Water Quality Changes in a Constructed Wetland
at the Springs Preserve in
Las Vegas, Nevada
by
Aaron Mathis Miller
Dr. Shawn Gerstenberger, Examination Committee Chair
Professor of Toxicology
University of Nevada, Las Vegas
The Springs Preserve near downtown Las Vegas, Nevada contains a seven-acre
constructed wetland. Springs Preserve managers are planning to use water from the
constructed wetland to irrigate creeks immediately north of the wetland. These creeks
will be used by a variety of aquatic wildlife, including endangered amphibians sensitive
to harmful metalloids, such as selenium, lead, and arsenic.
In an attempt to answer toxicological questions about contaminant concentrations in
the constructed wetland, three metals and metalloids (selenium, arsenic, and lead), two
nutrients (nitrogen and phosphorus), and the major ionic species were analyzed at four
sampling locations for aqueous concentrations, in two separate sampling events, before
and after a major flood event. It was hypothesized that metal and metalloid
concentrations would decrease from inflow to outflow, nutrient concentrations would
increase from inflow to outflow, and relative ion concentrations would fluctuate, from
inflow to outflow. This was generally the case, with few exceptions. It was hypothesized
that there would be a net loss in aqueous concentrations as trace metals, nutrients, and
iii
major ions exit the constructed wetland system during the flood event. However, the
opposite was found to be the case, for reasons that will be described in the text. A one-
way ANOVA and a paired T-test were used to analyze nutrients and metals. Ions were
analyzed using Piper diagrams.
The results were that relative concentrations of ions, metals, and nutrients increased
between well flushing events, there was a weak trend for metal concentrations
decreasing, from inflow to outflow, and there was a strong trend for nutrient
concentrations increasing, from inflow to outflow. Ionic concentrations increased, while
relative abundances of ions stayed the same.
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CHAPTER 1
INTRODUCTION
Background
The Springs Preserve near downtown Las Vegas is important historically, culturally,
and ecologically. Once the site of springs that watered prehistoric people, settlers,
travelers, and the railroad, the springs dried in 1962 after over-pumping of wells depleted
the water table (Warren 2001). The Preserve is a 180-acre site that houses public
educational facilities, archaeological sites, historical buildings, and a desert ecological
community that includes a constructed wetland (Figure 1 and Figure 2).
The wetland is supplied with water from an urban watershed via the Alta flood channel.
The water is collected from irrigation and rainwater runoff, which often contains various
contaminants, including metals and metalloids.
In the seven-acre constructed wetland, plant species including southern cattail (Typha
domingensis) and common threesquare bulrush (Schoenoplectus pungens) provide habitat
for waterfowl, mosquitofish {Gambusia affinis), and several snail species. The
constructed wetland is a dynamic system that is sensitive to hazardous concentrations of
contaminants that can harm the aquatic community (LeDuc and Terry 2005, EPA 2008).
Surrounding the constructed wetland in the detention basin are half an acre of meadow,
three acres of Fremont's cottonwood (Populusfremontii) and Gooding's willow (Salix
gooddingii), three acres of western honey mesquite (Prosopis glandulosa torreyana), and
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1 1.5 acres of Mojave scrub. These communities provide habitat for a variety of desert
reptiles, birds, and small mammals that live in or visit the wetland.
In addition, managers at the Springs Preserve are planning to use water from the
?
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Figure 1. Overhead map of the 180-acre Springs Preserve (Google Earth 2007). The
Springs Preserve is bordered by US 95/Interstate 515 on the north, Valley View Drive
and the Meadows Mall on the west, Alta Drive and the Las Vegas Valley Water District
on the south, and a residential neighborhood on the east. The constructed wetland is the
dark area in the center of the figure.
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constructed wetland to supply water to ponds and irrigate vegetation along historic creeks
immediately north of the wetland. These creeks will be used by a variety of aquatic
wildlife, including endangered amphibians sensitive to harmful contaminants such as
selenium, lead, and arsenic.
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Figure 2. Overhead map of the 180-acre Springs Preserve (Google Earth 2007). The
constructed wetland has been colored in black, other parts of the Meadows Detention
Basin have been shaded gray, and the Alta Flood Channel leading to the constructed
wetland has been colored white.
3
Soil, plants, and certain invertebrates in constructed wetlands that receive urban and
storm water runoff have the ability to remove certain toxic metals and metalloids that
include arsenic, selenium, and lead from contaminated wetland water and downstream
flow (LeDuc and Terry 2005).
Contaminants that include toxic trace metals are good indicators for the toxicity of a
wetland ecosystem, although trace metals are often quickly deposited onto the underlying
sediment, where they become inert, especially in downstream flow (LeDuc and Terry
2005). Trace metals can bioaccumulate to hazardous concentrations in the tissues of
higher vertebrates (Lefcort 1999), though they may remain in the wetland ecosystem for
extended periods of time before circulating through the biota that include plants and
wildlife (Hamilton Lemly 1999).
Springs Preserve managers desire to set up routine testing of contaminants in the
wetland for management and educational purposes. The parameters measured will
include nutrients, trace metals, anions and cations (Table 1). This list is similar to the
contaminants already being measured quarterly in upstream flow from the Alta Flood
Channel.
According to Raymond Saumure, Ph.D., wildlife biologist for the Springs Preserve,
the Relict Leopard Frog (Rana onca) will be introduced to wetlands at the Springs
Preserve. The Relict Leopard Frog, which is especially sensitive to trace metal
concentrations, will be replacing the Vegas Valley Leopard Frog (Ranafisheri), which
went extinct around 1941, for various reasons.
The Vegas Valley Leopard Frog (Ranafisheri) existed onsite when the site of the
current constructed wetland was an artesian spring that watered settlers, Native
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Americans, railroads, and pioneers. Through trapping, specimen collection, and the
construction of springhouses on the Vegas Valley Leopard Frog's breeding grounds, the
frog went extinct. What the Vegas Valley Leopard Frog was to the artesian springs, the
Relict Leopard Frog (Rana onca) will be to the constructed wetland that occupies the
same site where the artesian springs went dry in 1962.
The purpose of the water quality tests (see Table 1) is to standardize methods for
testing, create a database for future reference, and measuring some of the contaminants
that are already monitored in the Alta Channel upstream of the constructed wetland.
Table 1 . Water in the constructed wetland at the Spring Preserve was sampled and
analyzed at Week Laboratories for the following major ions, nutrients, and trace metals,
during the main study that occurred in two. sampling events, July 2008 and August 2008.
The sampling times occurred before and after a minor flooding event, respectively, and
most of the flooding occurred from a potable well flush upstream.
Test Compounds Tested
Anion-
Cation
Bicarbonate, Bromide, Ca, Chlorate, Cl, F, Mg, K, Silica, Na, Sulfate,
TDS, TSS, TOC, Anion/Cation Balance
Nutrients
Ammonia, Nitrate as N, Nitrite as N, Nitrate + Nitrite as N, Organic
Nitrogen, Ortho-Phosphorus, TKN, Total Phosphorus
Trace
Metals
Al, Sb, As, Ba, Be, Bo, Cd, Cr, Cu, Fe, Pb, Mn, Hg, Mo, Ni, Se, Ag,
Tl, V, Zn .
Total Anion-Cation, Nutrients, Trace Metals
Constructed wetlands have been shown to reduce concentrations of metals and
metalloids harmful to wildlife (Lemly 2002) while increasing aqueous concentrations of
nutrients, such as total nitrogen and total phosphorus (DeBusk 2006, Crittenden et al.
2005), from inflow to outflow. At the same time, relative percentages of the major ions
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fluctuate as water flows through underlying sediment, porous rock, and the aquifer
(Domenico and Schwartz 1998). This leads to the following question: will there be
changes in the relative abundance of ions and in ion, trace metal, and nutrient
concentrations, between sampling events and between sampling locations?
In order to answer the above question, it was necessary to set up an experiment to
determine if a change in nutrient, ion, and metal concentrations could be measured.
Keeping in mind that a repeatable experiment needs to be conducted to determine water
quality change in the wetland, there were five objectives meant to help answer the
question of change occurring in the wetland.
Objectives
1) Identify sampling locations that are spatially independent of each other, and limit
sampling to these locations.
2) Test the wetland at limited sampling locations for limited metals, nutrients, and ions,
and standardize methods for measuring them.
3) Determine changes in the total concentrations of three toxic metals and metalloids-
selenium, lead, and arsenic. These constituents were selected due to their toxicity and
because they are found in the wetland; selenium and lead are in potentially hazardous
concentrations, according to the wildlife standard in the Alta Channel immediately
upstream of the constructed wetland (Stewart et al. 2001, EPA 2008, Appendix II).
4) Determine changes in the total concentrations of two nutrients, total nitrogen and total
phosphorus.
5) Determine changes in both concentrations and percent composition of the major ionic
species (Na+ + K+, Mg2+, and Ca2+ are the major cations, and HCO3" + C032", Cl", and
6
SO42" are the major anions).
Project Benefits
The water quality study will create standardized methods and protocols for testing
water in wetlands at the Springs Preserve. From the results of the study, Preserve staff
will be able to improve constructed wetlands setup and design. They will also be able to
educate the public on how the constructed wetland alters the composition of water.
Project Hypotheses
It is expected that concentrations of metals and metalloids will decrease,
concentrations of nutrients will increase, and relative frequencies of ions will have minor
variations, from inflow to outflow, though total ion concentrations will increase, from
inflow to outflow. A temporary flooding event will decrease aqueous concentrations of
trace metals, nutrients, and ions after the flush. The project hypotheses can be described
in more detail as follows:
1) Total concentrations of arsenic, selenium, and lead will decrease as water flows
through the constructed wetland, from inflow to outflow. This is because trace metals get
deposited into the sediment underlying the sediment (Torres and Johnson 2001a, LeDuc
and Terry 2005).
2) Total concentrations of nitrogen and phosphorus will increase as water flows through
the constructed wetland, from inflow to outflow. This is because aquatic plants and
wildlife use nitrogen and phosphorus and cycle them through nitrogen and phosphorus
cycling (DeBusk 2006, Crittenden et al. 2005).
3) Relative frequencies of the major cations, Na+ + K+, Mg2+, and Ca2+, and the major
anions, HCO3" + C032", Cl", and SO42", will have minor variations as water flows through
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the constructed wetland, from inflow to outflow, due to the dissolvability and diffusion of
ions in the wetland water.
4) Aqueous concentrations of trace metals, nutrients, and ions in the constructed wetland
will temporarily be elevated during and immediately after the well flush as sediments are
being stirred up by the flush water. However, provided that trace metals, nutrients, and
ions exit the wetland system during the flush, there will be a net loss in aqueous
concentrations of trace metals, nutrients, and ions.
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CHAPTER 2
LITERATURE REVIEW
Constructed wetlands are relatively complex ecosystems. Constructed wetlands have
been used to remove many different types of contaminants, not the least of which are
metalloids such as arsenic, lead, and selenium (Hansen et al. 1998). The various
biological and physical components of a wetland produce a filter through mechanical
separation, filtration, and plant uptake; also, a wetland is a biogeochemical filter through
contaminant biological inactivation and volatilization of reactants into the atmosphere
(Hansen et al. 1998).
Selenium has the tendency to accumulate in aquatic food chains, which is a problem
for ponds being supplied water from the constructed wetland at the Springs Preserve
because endangered amphibians are going to be introduced to the ponds and because fish
and amphibian species are especially sensitive to selenium (Lemly 1998).
Selenium occurs in biologically active and inactive forms. It is activated through
oxidation and methylation reactions (Lemly 1998). Also, it is taken up by rooted plants,
such as the numerous water-loving species found in the wetland. The species include
southern cattail (Typha domingensis) and threesquare bulrush (Schoenoplectus
americanus). The cattails and bulrushes can reduce aqueous and sediment concentrations
in two ways. First, they may take up selenium into their roots and shoots. Second, they
may volatilize selenium, causing it to evapotranspire into the atmosphere (Hansen et al.
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1998). Selenium also enters the food chain through bottom-dwelling snails and debris-
eating mosquito fish found in the wetland (Lemly 1998).
The constructed wetland at the Springs Preserve has slow-flowing water with no
outflow, except during occasional storm events and potable well flushes, making it a
closed system with an inlet, but no outlet, for most of the year. Additionally, it is
shallow, which makes it more susceptible to selenium accumulation (Lemly 1998).
Selenium concentrations in wildlife can exceed aqueous concentrations by up to 30,000
times (Lemly 1998).
Once selenium is in the wetland system, it can remain for many years. It can be
temporarily inactivated. This happens when it is stored in the tissues of a consumer,
when it is deposited in the underlying soil as detritus, and when it settles in the sediment
and becomes reduced or demethylated, inert, and unreactive. However, during periods of
high flow, such as a flood, or other human, animal, and meteorological disturbances,
selenium can become reactivated, and the cycle continues (Lemly 1998). Additionally,
aquatic wildlife pass consumed selenium to their offspring through their eggs. In the
developing embryo, the frog can be killed immediately, or there can be lethal or sublethal
deformities that prevent the offspring from surviving in the wild (Lemly 1998). This is
important to the constructed wetland at the Springs Preserve because selenium
concentrations as measured in the wetland already approach the wildlife standard of 5
µg/L for chronic exposure to aqueous selenium.
Arsenic is pervasive in the environment, occurring in about 1.8 mg/kg of the earth's
crust (Crittenden et al. 2005). Arsenic is also used in manufacturing processes. Arsenic
can be found in runoff water flowing from the Alta Flood Channel into the constructed
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wetland at the Springs Preserve. Additionally, arsenic has in recent decades become a
major concern for public health, as increased dose has negative health effects on humans
and animals (Crittenden et al. 2005).
The primary water treatment methods for arsenic removal have been coagulation and
flocculation, both of which have removed close to 100% of arsenic from treated water
(Crittenden et al. 2005). If it can be shown that the constructed wetland at the Springs
Preserve is removing arsenic, this would demonstrate the effectiveness of a constructed
wetland system as an inexpensive alternative vehicle for the removal of arsenic from
urban runoff.
Other contaminants being monitored are the nutrients nitrogen and phosphorus. The
biologically active form of nitrogen is nitrate, NO3". Nitrates come primarily from three
sources: the atmosphere, industrial wastes, and plant and animal materials (Crittenden et
al. 2005). Specific to the constructed wetland at the Springs Preserve, decaying plant
material and aquatic animal waste and decomposition can be attributed to part of the
nitrogen contribution to the wetland system. Additional nitrogen sources are from the
storm water runoff that feeds the constructed wetland system through the Alta Flood
Channel. Heterotrophic and autotrophic bacteria can also denitrify water (Crittenden et
al. 2005).
In addition to nitrogen, phosphorus is a nutrient that can be absorbed in a constructed
wetland (DeBusk 2006). Excess nutrients can provide detrimental effects to wetland
ecological function. Similar to sediment trapping of metals is the removal of nutrients
from wetland water. Phosphorus removal in a wetland occurs much the same way as
selenium removal: inorganic phosphorus is taken up by plant materials that organically
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adivate it. It is stored in plant materials and deposited in the soil. Decayed plant litter
then forms a protective layer of detritus, sealing it off from being accessible to the
wetland ecosystem, where it is stored as peat in the wetland sediment. Unlike nitrogen,
there is no route for phosphorus to be lost to the atmosphere, so it accumulates in the
wetland over time (DeBusk 2006).
Inorganic substances are frequently electrolytes that dissolve in water to form ions.
Anions are the negatively charged species such as chloride and carbonate, and cations are
the positively charged species such as calcium and magnesium cations. The ionic charge
is stabilized by the polarity of the water molecules that surround the dissolved ionic
species (Domenico and Schwartz 1998).
Factors influencing ionic character of surface water include surface and groundwater
flow (due to ion/contaminant transport), interaction with the sediment, plant uptake, and
oxidation/reduction of ionic species (Domenico and Schwartz 1998). Ions can be
reported in milligrams/liter (mg/L), moles/liter (mol/L), milliequivalents/liter (meq/L) in
percent composition of the total anions/cations, and in meq/L (Domenico and Schwartz
1998). Milliequivalents are calculated by taking the millimoles (mmol) and multiplying
by the formal charge of the ionic species being monitored (Domenico and Schwartz
1998).
Knowing the relative frequencies of major anions and cations can help determine the
alkalinity, hardness, acidity, and predominant ionic species in the water. One effective
method for displaying the ionic properties of the water is a Piper Trilinear Diagram
(Domenico and Schwartz 1998).
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CHAPTER 3
MATERIALS AND METHODS
Study Area
The 25-acre Meadows Flood Detention Basin was constructed in the 1980s (Figure 1
and Figure 2). The function of the detention basin is to reduce the velocity of storm
water flow. The detention basin accepts drainage water from approximately six square
miles of the Las Vegas valley, southwest of the Springs Preserve. The drainage water
collects in the Alta Flood Channel and then drains into the detention basin. According to
Von Winkel, Ph.D. (personal communications), Restoration Ecologist for the Springs
Preserve, the 7-acre constructed wetland was created in Fall 2003 to provide habitat for
desert waterfowl and other wildlife. The constructed wetland in the detention basin
restored some of the components that once existed in the natural wetland ecosystem prior
to the springs drying up on the same site in 1962. The constructed wetlands are a tool for
educating the public on natural resource conservation and the value of desert wetlands
(Winkel 2005). The annual average for flow in the wetland is around 100 gpm, with a
peak flow during flood events of > 4,000 gpm and periods of low flow seeing a reduction
to < lOgpm. This is according to data collected from a flow meter installed at the flow
flume entering the constructed wetland from the Alta Channel. According to the same
data, during flooding, the wetland can receive up to 2000 gpm or more. According to
Von Winkel, when the 7-acre wetland is full, it contains approximately 2.5 million
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gallons of water.
Additionally, the flow rate is fairly consistent for water entering the constructed
wetland, averaging 100 gallons per minute (gpm). Little to no flow is observed toward
the inflow, and no flow at all is observed toward the outflow. Generally speaking,
residence time in the wetland system is long-water only flows out several times per year
during storm events or well flushes, though residence time may be shorter, due to the
inflow being lost to the aquifer, evaporation/evapotranspiration, and wildlife. The
wetland is also subject to periodic drying during times of drought and low flows.
Collection of samples should be done at the same time of day so that temperature, wind,
and weather events are somewhat consistent during the period of sampling and so
additional water flowing into the wetland will not affect the quality of data.
Pilot Study
In order to identify sampling locations for the study, it was necessary to determine
whether there is change in the quality of the water in the wetland, from inflow to outflow.
We did this by testing the wetland for spatial independence. To accomplish this, a pilot
study was conducted that measured general water quality parameters that included
dissolved oxygen, temperature, conductivity, salinity, pH, and redox potential at 1 17 loci
in the wetlands spaced approximately twenty feet apart from each other (see Figure 1).
The protocols were as follows:
Sampling locations were marked with pin flags and recorded using a commercial-
grade Trimble 5800 GPS unit. Sites were prepared by clearing a path free of vegetation
to allow access to the shoreline. Sampling sites were then dug to a depth of 6 inches
below the water line at least three days prior to sample collection, in order to allow
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sampling vials to be dipped into the water at the sampling sites.
Supplies needed in the field included sampling forms, clipboard, and unmarked
25OmL beakers. Dissolved oxygen, salinity, conductivity, and temperature were recorded
using a YSI 85 water meter. Dissolved oxygen was measured in percent and in mg/L.
Conductivity was measured both for the water temperature measured and corrected for
the conductivity specific to 25 0C. Oxidation/reduction potential (ORP), pH, and
temperature were collected by using a Hanna pH/ORP meter. The pH/ORP meter was
calibrated prior to entering the field. A Pelican carrying case protected the meters and
prevented them from overheating during the summer months. Distilled water was used to
rinse the meters and sampling containers.
Water samples were collected in a 25OmL beaker. First, the collection vial was rinsed
with a small amount of distilled water, followed by dipping the vial in wetland water at
the sampling site and dumping this water out to avoid contamination from the rinse
water. The sampling vial was dipped again in the wetland water at a depth of 1 cm at
each sampling location. If sediment accumulated in the sample at the time of collection,
the sampling container was cleaned again using the above procedure and another sample
was collected. The samples were collected carefully, to prevent sediment from stirring
up from the bottom of the wetland.
The pH/ORP meter had been previously calibrated in the laboratory, so no field
calibration was needed. The pH/ORP meter was calibrated using a 2-point calibration
that used a pH 7.00 ± 0.02 buffer solution followed by calibration with a pH 4.00 ± 0.02
buffer solution. For each buffer solution, the powder from one capsule was dissolved in
100 mL of distilled water. The calibration was re-checked at the end of data collection,
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and between sampling times.
The YSI 85 meter was calibrated when manufactured, with no subsequent field or
laboratory calibrations needed, for most readings. However, the meter needed to be
calibrated for reading dissolved oxygen, and this was done, closely following the
manufacturer's directions (Appendix I). The probe and sponge in the calibration
chamber were rinsed with distilled water weekly in between sampling and the membrane
was changed every six months to maintain proper function of the YSI 85 meter. The
probe and the sponge were rinsed thoroughly with distilled water in between
measurements and before storing the probe in the calibration chamber.
This YSI 85 Meter is designed for simplicity of use when taking readings. The six
readings taken by the YSI 85 Meter are Dissolved Oxygen %, Dissolved Oxygen mg/L,
Conductivity, Specific Conductance, Temperature, and Salinity.
To take a measurement, the unit was turned on fifteen minutes prior to use. In the
sample, the entire probe was immersed and moved back and forth in the water being
sampled at a rate of at least 1 ft./s. This dislodged air bubbles and created a current to
provide a more accurate reading. While measuring, the different measurements being
taken were displayed by using the MODE button.
The field procedure for the pilot study can be summarized as follows:
Data were entered from the data sheet into Excel and verified for errors. The
sampling points as marked from the shoreline were recorded with a commercial-grade
Trimble 5800 GPS unit. Using GIS, the recorded points were moved from the shoreline
to about 50 cm into the water, where the samples were collected, and the data points were
converted from latitude/longitude to a UTM coordinate system that gave distances in feet
16
for north/south and for east/west. Using the Pythagorean Theorem and the distances
between sampling points in the ? and y directions, it was then possible to calculate
distances between sampling locations.
The resultant data were then analyzed for spatial independence by testing for variance
over the distances between sampling locations. The methodology for testing the
locations for spatial independence was done using GeoDA (v. 2004) software (Anselin
1995), which took into account the distances between sampling locations and degree of
change for the parameters measured. The statistical software was used to calculate
change between sampling locations as a function of distance to determine which locations
were similar to each other, which ones were different, and approximate locations in the
wetland where the change occurred. Dr. Chad Cross from the Department of
Environmental and Occupational Health of UNLV used the Local Moran LISA statistic
(Anselin 1995). LP34: This statistical software enabled Dr. Cross to take into account the
three-dimensional locations of sampling points in relation to each other, as well as
differences in the readings taken between locations, which revealed locations as having
either similar or different values around them. He shaded locations on a map that had
similar values around them, for the parameters measured in the pilot study (Figure 3). I
transformed these locations into an Excel file by assigning a numerical value to the
locations that were shaded for the most parameters. For example, if a point was shaded
on four of the nine maps that had shaded points using the statistical software, that point
would be assigned a numerical value of four. In this way, we were able to narrow 117
sampling points down to four independent locations (see Figure 3).
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Figure 3. Sampling locations used in the pilot study are indicated by markers. The
circles represent sampling locations that were used in the pilot study, but not the main
study. Squares labeled Location 1 through Location 4 (inflow to outflow) indicate pilot
study sampling locations that were also sampled in the main study, and that are also
spatially independent of each other.
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Main Study
In the main part of the study, the four sampling locations were permanently marked
with 3-ft. long, green T-posts and metal tags. Figure 3 shows the four locations among
the 117 locations initially used in the pilot study.
Trace metals are tested on a quarterly basis by the Las Vegas Valley Water District in
the Alta Channel water, upstream from the constructed wetland at the Springs Preserve.
Using quarterly data from 10/25/2001 to 7/18/2007, mean concentrations of these trace
metals were calculated and maximum concentrations were reported. These values were
compared with the EPA standard (EPA 2008) for the maximum concentrations that can
be sustained by an aquatic community over an extended period of time (see Table 2).
Table 2. Trace metal concentrations measured in the Alta Channel upstream of the
constructed wetland at the Springs Preserve between 2000 and 2007, compared to the
maximum concentrations allowed for continuous exposure of aquatic wildlife to metals.
Trace Metal ^gZL) Mean Max
Maximum Freshwater
Standard for Chronic
Exposure of Wildlife to
Trace Metals ^gZl)*
How Maximum
Value Compares
to Standard
Aluminum 73.4 880.0
Arsenic 2.8 4.7 150.0 Below Standard
Barium 56.0 180.0
Chromium 1.5 7.1
c°PPer 7.8 43.0
Iron 0.1 1.5
Lead 0.9 11.0 2.5 Exceeds Standard
Manganese 8.2 55.0
Nickel 4.4 9.0
Selenium 4.0 8.5 5.0 Exceeds Standard
Zinc 28.7 210.0
*EPA 2008, Stewart et al. 2001.
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Of the trace metals tested in the Alta Channel upstream from the constructed wetland,
only arsenic, lead, and selenium have freshwater standards for continuous exposure by
aquatic wildlife. Of these, maximum total lead concentrations exceeded the freshwater
standard by a factor of more than four and total selenium exceeded the freshwater
standard by almost a factor of two. Arsenic was found in the water, as well, but in total
concentrations well below the freshwater standard (EPA 2008).
Different forms of arsenic, lead, and selenium exist in the wetland. In particular, the
selenium cycle is important when determining which forms of selenium will accumulate
in aquatic organisms and which ones will be inert (Lemly 1998, Torres and Johnson
2001a, Torres and Johnson 2001b). However, bioaccumulation of trace metals is beyond
the scope of this project. Additionally, total concentrations of trace metals are reported in
the maximum freshwater standard for continuous exposure of wildlife to trace metals
(EPA 2008), the Alta Channel data, and in the laboratory contracted to test the wetland
for trace metal concentrations. Therefore, total trace metal concentrations, rather than the
various forms of selenium, lead, and arsenic, were the focus of trace metal testing.
In addition to trace metals, nutrients are important in monitoring the health of a wetland
system (Lee and Jones-Lee 2000, Peng et al. 2005). Nutrient concentrations tend to
increase from inflow to outflow because wetland plant and animal species tend to cycle
nutrients through the system (Peng et al. 2005). Nutrients can be analyzed using similar
techniques used to determine whether there is a change in total trace metal
concentrations. For this study, total nitrogen and total phosphorus concentrations were
analyzed.
Trace metal, nutrient, and ion concentrations are important in determining the
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environmental health of a wetland system, though relative anion/cation percentages are
also important. The composition of ions can change in a linear flow system, regardless of
whether or not there is a change in overall salinity of the water (Domenico and Schwartz
1998). That is, relative percentages of different ionic species may change, even if there is
no change in total dissolved solids (TDS). The way this applies to the constructed
wetland is simple. The percentage of calcium and magnesium cations in the wetland
could decrease from inflow to outflow as percentage of sodium cations increase.
Likewise, percentage of chloride anions could decrease as percentage of sulfate and
bicarbonate anions increase. The change in ion composition can result from interaction
of aqueous ionic species with underlying sediment, rock, and wetland biota (Domenico
and Schwartz 1998). This can result from ions having different affinities for charged
particles in the water and soil, and from underlying rock and sediment having variable
permeabilities for ions (Hillel 1998). Use of a piper diagram and other analyses can track
changes in ionic character of the wetland (Domenico and Shwartz 1998).
The nutrient, ion, and trace metal samples needed to be handled differently; therefore,
separate vials were used for the collection of nutrients, ions, and trace metals. The
nutrient, ion, and trace metal vials were all about 250 mL in volume. The nutrient vials
contained about 0.5mL of 50% sulfuric acid and 50% water, whereas the trace metal vials
contained about 0.5mL of 50% nitric acid and 50% distilled water. Both the nutrient
vials and the trace metal vials were titrated to reduce the pH of the samples collected to
below 2.00, which was necessary for analysis. This was accomplished by using pH paper
that turned red at pH < 2.00, typically when one drop of nitric acid/sulfuric acid was
added. The ion vials were unpreserved.
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Samples for the nutrient, trace metal, and ion vials were collected according to the
following procedure. Prior to sample collection, Week Laboratories (the laboratory
contracted to analyze the water samples) was contacted to make sure that the water
laboratory was open the day after sample collection to receive the samples so that the
samples could be shipped overnight. A collection vial was cleaned and rinsed using
distilled water. Then it was rinsed with water from the wetland near the sampling
location. From the shoreline, the samples were collected in the collection vial to a depth
of 1 cm, taking care not to stir up sediment. From the collection vial the sample water
was poured into a nutrient, trace metal, or ion vial. Then the collection vial was re-rinsed
and another sample was collected according to the above procedure until all samples had
been collected from the sampling location. During the collection process, three other
Springs Preserve interns, Katie Kleinick, Joel Gonzalez, and Pat Antonelli, and one
summer hire, Greg Bayles, helped with the sample collecting. Three days previous to the
first sampling series, sampling locations were trenched out to a depth of 6 inches (15cm).
This was done for several reasons. The sampling locations were not deep enough to ¦
get the sampling containers in the water. The locations were dug out to a depth of 6" (15
cm) at about a 1-ft. (30 cm) radius, just big enough to get the sampling containers
submerged without disturbing the sediment on the day of sampling. The locations had
water surrounding them at a minimum depth of 3" (6.6 cm) and were dug out three days
prior to sampling. This gave three days to restore the equilibrium balance between
aqueous trace metals/contaminants and sediments/water. Though three days was
probably insufficient to completely restore equilibrium, this was better than potentially
disturbing the wetland on the sampling day. Even so, this step was necessary, because
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avoiding it would have potentially caused the sampling locations to be disturbed on the
sampling day, which would have been a bigger problem than creating a trench for
collecting sample water.
Some of the sampling containers shipped from the Week laboratory to the Springs
Preserve were preserved with sulfuric acid or nitric acid. To avoid acid spilling from the
containers into the constructed wetland during sampling, a second sampling container-
one used for collection of the pond water itself-was used. This sampling container was
rinsed with distilled water previous to being dipped into the pond water. Then it was
rinsed with pond water near the sampling location. After being rinsed with the pond
water, the sampling container was dipped in the pond water at the sampling location to a
depth of 1 cm and the collected water was emptied into each respective container
destined to be shipped to the laboratory for analysis. Sampling containers from the
respective sampling locations were then labeled accordingly, for locations 1 through 4.
Each sampling location contained 8 trace metal samples, 8 nutrient samples, and 3 ion
samples, or 19 samples, for a total of 76 samples. The sampling containers were then
separated into four groups prior to entering the field, one for each sampling location. All
staff were trained in this methodology.
Chain-of-custody labels on each sampling container included the time and date of
collection, tests being done, sample number, and sampling site. Additionally, chain-of-
custody forms were filled out for Week Laboratories and sent with the samples being
analyzed. An additional form was created to keep track of each individual sample and
corresponding sample number, test, location, time, and date.
Once the samples were collected, they were immediately packed on ice and shipped
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overnight to Weck Laboratories in Industry, CA, along with partially completed chain-of-
custody forms and data collection forms for each sampling location. Once all samples
had been collected, they were placed in two coolers, one for locations 1 and 2, and the
other for locations 3 and 4. The samples were packed in watertight bags and separated
according to sample site number in bags labeled 1, 2, 3, and 4, to avoid confusion. The
ice for packing the vials was obtained onsite from an ice dispenser. The chain-of-custody
forms and data collection forms were placed in a watertight bag inside one of the coolers.
The lids to the water coolers were tightly secured, using packing tape. In the weeks
following sample collection, aqueous concentrations of selected nutrients, metals, and
ions (see Table 2) from the water samples were reported by Week Laboratories to the
Springs Preserve.
The samples were collected in two separate sampling events, before and after a series
of well flushes. Between the sampling events there were several differences. The biggest
difference was that for the second sampling event, location 3 dried up and there was no
water in it. This problem was solved by moving location 3 approximately 180 ft. (55m)
upstream. This was acceptable because a pilot study conducted in 2007 determined that
the area 200-300 ft. upstream of location 3 is similar to location 3. Another difference
encountered was that during the second sampling event, location 4 was drying up.
Because it was in an open pond, location 4 was sampled carefully so as not to disturb it
by the water sampler standing in one place during the sampling and handing the collected
samples to the data collector on the shoreline.
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CHAPTER 4
STATISTICAL DESIGN
Trace metals and nutrients
The sampling was completed in two separate events, one before a series of well
flushes and one after the well flushes. The results from the two sampling events were
compared using a paired t-test (Daniel 2005). The following statistical design was used
to analyze each of the two separate sampling events.
The statistical design began with testing for the total concentrations of arsenic,
selenium, lead, nitrogen, and phosphorus for change among sample locations. A one-way
ANOVA was created for each of these parameters according to Table 3 (Daniel 2005).
The null hypothesis was that there is no change in contaminant concentrations from
inflow (location 1) to outflow (location 4). The variance for each of the above
contaminants was calculated using SPSS and compared with the F statistic. If the
variance was less than the F statistic, there was no statistically significant change in
aqueous concentrations of metals and nutrients from inflow to outflow, and the null
hypothesis was accepted. If the variance ratio was greater than the F statistic, the null
hypothesis was rejected and statistically significant change in aqueous concentrations of
metals and nutrients consequently had occurred. Using the degrees of freedom and a
95% confidence interval with a ? value of 0.05, the F statistic was calculated to be 2.95
(Daniel 2005).
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One-way ANOVA tests were used to indicate either presence or absence of changes
among sample locations for the constituents arsenic, lead, selenium, nitrogen, and
phosphorus, respectively. Nutrients/metals were sampled during two separate sampling
events, with n=8 for each sampling location per sampling event (Table 3).
Table 3. Sampling design for trace metals/nutrients, sampled in two separate events.
Contaminant
Arsenic
Lead
Selenium
Nitrogen
Phosphorus
COl C 02 C 03 C 04
n=8
n=8
n=8
n=8
n=8
Sampling Site
n=8
n=8
n=8
n=8
n=i
n=8
n=8
n=8
n=8
n=8
n=8
n=8
n=8
n=8
n=8
Tests
One-Way ANOVA,
Paired T-test
One-Way ANOVA,
Paired T-test
One-Way ANOVA,
Paired T-test
One-Way ANOVA,
Paired T-test
One-Way ANOVA,
Paired T-test
Whereas ANOVA measures change among groups, post hoc tests used in conjunction
with ANOVA measure change between different subgroups. This is helpful in
interpreting results of the ANOVA because changes that occur between groups may not
be apparent in the one-way ANOVA, which measures changes among the groups as a
whole, but not between individual groups themselves. One specific post hoc test used
was Tukey's HSD Post Hoc Test.
Ions
The major ionic species were sampled pre- and post-well flush for each of the four
sampling locations, for n=3 at locations 1, 2, 3, and 4, with three samples being taken
from each sampling location per sampling event, and the results were presented on a
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Piper diagram. The major cations shown were potassium, sodium, calcium, and
magnesium, and the major anions were chloride, sulfate, carbonate, and bicarbonate.
The first step in using a Piper diagram was the conversion of units. Ions were reported in
mg/L. Using their formula weight, the ions were converted from mg/L to molar
equivalents per liter. Molar equivalents were then converted to milliequivalents/L
(meq/L). Cationic milliequivalents were then divided by the total molar equivalents of
cations in the sample and multiplied by 100% to come up with a percentage of molar
equivalents out of the total cation molar equivalents, with the total being 100%
(Domenico and Schwartz 1998). For example, if one were to calculate the percentage of
molar equivalents for calcium cations in the sample out of the total cations measured, one
would divide milliequivalents of calcium cations by the sum of cation milliequivalents,
and multiply by 100% (Domenico and Schwartz 1998). The same was performed for the
anions; the sum of milliequivalents of anions were added. To find the percentage of
milliequivalents of chloride anions, the milliequivalents of chloride anions were divided
by the sum of anion molar equivalents and multiplied by 100%. The same was
performed for all other anions (Domenico and Schwartz 1998).
Now that the relative percentages of anions and cations had been calculated, the
percentages of molar equivalents of cations and anions were entered onto a Piper trilinear
diagram. The Piper diagram contained three fields: one triangular field for anions, one
triangular field for cations, and one diamond-shaped field for mixing trends between
cations and anions. Data were entered as points into each of these fields. Data from the
four locations were entered on the same Piper diagram (Domenico and Schwartz 1998).
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CHAPTER 5
RESULTS
Trace Metals
Using a paired samples T-test, it was found that arsenic had a statistically significant
increase in aqueous concentrations between pre- and post-flush. Arsenic had a
confidence level of ? = 0.002, which is statistically significant (see Table 4).
According to Tables 5 and 6, pre-flush, arsenic has an F statistic of 271 (see Table 6).
Well below the 95% confidence level of 2.95, there is a 0% probability that this would
occur at random and there definitely is change (see Table 5 and Figure 4). For post-flush,
arsenic has an F statistic of 4.537 and a significance level ? = 0.01.
For pre-flush, using a Tukey HSD Post Hoc Test, it was found that for arsenic, there
is a net decrease in aqueous concentrations, from inflow to outflow. This can be shown
be comparing the means and upper bounds of Table 6 and Figures 4.
For post-flush, using the same post hoc test, it was found that for arsenic, there was a
significant increase in arsenic concentrations for area 3 relative to locations 1, 2, and 4,
but that locations 1 , 2, and 4 are statistically similar (see Table 6 and Figures 4).
Using a paired samples T-test, it was found that lead had a statistically significant
increase in aqueous concentrations between pre- and post-flush. Lead had a confidence
level of ? = 0.03 1, which is statistically significant (see Table 4).
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Table 4. T-test results for trace metals. Arsenic and lead increased significantly pre-
post-flush, while the increase in selenium concentrations was not statistically significant.
Type of
Statistics
Pre-Flush
Statistics
Post-Flush
Statistics
Paired
Samples
Correlations
Paired
Differences
95% CI
Statistics Being
Measured
Mean
N
Std. Dev.
Std. Error Mean
Mean
N
Std. Dev.
Std. Error Mean
N
Correlation
Sig.
Mean
Std. Dev.
Std. Error Mean
Lower
Upper
Paired
Differences
df
Sig. (2-tailed)
Trace Metal
Arsenic
2.09
32
0.93
0.16
3.92
32
2.43
0.43
32
-0.535
0.002
-1.84
3.03
0.53
-2.93
-0.75
-3.44
31
Lead
3.09
32
2.56
0.45
4.64
32
6.09
1.08
32
0.09
0.62
-2.55
6.38
1.13
-4.85
-0.24
-2.26
0.002
31
0.031
Selenium
2.44
32
1.34
0.24
2.94
32
2.26
0.40
32
0.098
0.594
-0.5
2.51
0.44
-1.40
0.40
¦1.13
31
0.267
According to Table 5, pre-fiush, lead has an F statistics of 270. Well below the 95%
confidence level of 2.95, there is a 0% probability that this would occur at random and
there definitely is change (see Table 5 and Figure 4).
For post-flush, lead has an F statistic of 2.568 and a significance level ? = 0.074.
Lead has a significance level greater than 5%, so we fail to reject the null hypothesis that
there is no change, but we reject the null hypothesis for arsenic and selenium. For pre-
flush, using a Tukey HSD Post Hoc Test, it was found that for lead, it was shown that
there is an increase in aqueous concentrations of lead for location 2 relative to locations
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Table 5. Arsenic concentrations in µg/L for four sampling areas, pre-flush and post-
flush. Eight samples were collected in each sampling area. Means and standard errors,
and lower and upper bounds for a 95% confidence interval are reported. For non-
detectable measurements, 0.2 µg/L was used, half of the detection limit of 0.4 µg/L.
Arsenic Concentrations, µg/L
Sample #
Pre-flush sampling event
Location
1
Loc.
2
Loc.
3
Loc.
4
Post-flush sampling event
Location
1
Loc.
2
Loc.
3
Loc.
4
1 3.2 2.9 0.82 1.6 3.2 4.4 2.4 4.4
2.4 0.91 1.6 3.2 2.4 2.7 4.1
2.6 0.88 1.6 2.9 2.7 14 4.2
3.2 2.6 0.84 1.6 3.3 2.9 7.6 4.3
3.1 0.84 1.6 4.5 0.98 3.2 4.1
3.6 0.81 1.7 3.1 5.2 4.3
2.7 0.83 1.7 2.9 2.5 8.1
8 2.6 0.86 1.7 0.2 2.5 4.8 4.2
Mean 3.10 2.76 0.85 1.64 2.91 2.55 6.00 4.20
StDev 0.26 0.24 0.03 0.05 1.21 0.95 3.87 0.13
Lower Bound
Upper Bound
2.60
3.60
2.29
3.23
0.78
0.91
1.54
1.74
0.54
5.28
0.68
4.42 13.58
3.94
4.46
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Figure 4. Means and standard errors for a 95% confidence interval of arsenic
concentrations, in \iglh, pre- and post-flush. For non-detectable samples. 0.2 \igll, was
used, which is half the detection limit of 0.4 ^gIh.
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1, 2,and 4, but that locations 1, 2, and 4 are statistically similar. This can be shown
visually by comparing the means and upper bounds for Table 6 and Figures 5. For post-
flush, using the same post hoc test, it was found that for lead, locations 1, 2, 3, and 4 are
statistically similar (see Table 6 and Figure 5).
Using a paired samples T-test, there was a slight but insignificant increase in
selenium concentrations between the sampling events. Selenium had a confidence level
of 0.267, which is statistically insignificant (see Table 4).
According to Tables 5 and 7, pre-flush, selenium has an F statistics of 255 (see Table
7). Well below the 95% confidence level of 2.95, there is an extremely low probability
Consequently, we reject the null hypothesis for selenium.
For pre-flush, using a Tukey HSD Post Hoc Test, it was found that for selenium, there
is a net decrease in aqueous concentrations of selenium from inflow to outflow, but that
locations 2 and 4 are statistically similar, meaning there is an increase in selenium
concentrations from location 3 to location 4. This can be shown visually by comparing
the means and upper bounds for Table 8 and Figure 6.
For post-flush, using the same post hoc test, it was found that there is no statistically
significant change for selenium concentrations overall, but there was a statistically
significant change between groups: a decrease followed by an increase and
another decrease (see Table 8 and Figure 6).
To summarize, there was generally a net decrease in metal concentrations from
inflow to outflow pre-flush, there was generally a net increase in metal concentrations
from inflow to outflow post-flush, and there was generally a net increase in metal
concentrations between pre- and post-flush.
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Table 6. Lead concentrations in µg/L for four sampling areas, pre-flush and post-flush.
Eight samples were collected in each sampling area. Means, standard deviations, and
lower and upper bounds for a 95% confidence interval are reported. For non-detectable
measurements, 0.1 µg/L was used, half of the detection limit of 0.2 µg/L.
Lead Concentrations, jJg/L
Sample #
Pre-flush sampling event
Location
1
Loc.
2
Loc.
3
Post-flush sampling event
Loc.
4
Location
1
Loc.
2
Loc.
3
Loc.
4
1 1.6 6.9 0.25 0.77 0.9 14 0.82 1.6
0.63 5.4 0.45 0.7 1.5 5.3 1.6 1.4
0.67 5.5 0.5 0.72 1.2 7.3 30 1.7
0.47 0.29 0.74 4.4 12 1.4
0.66 0.38 0.67 12 0.1 2.1 1.2
1.5 6.9 0.32 0.8 1.4 3.6 5.5 1.4
0.57 7.7 0.47 0.71 0.1 5.1 13 1.1
8 0.47 5.6 0.62 0.1 5.1 3.2 1.5
Mean 0.82 6.38 0.41 0.76 2.70 5.94 8.53 1.41
StDev 0.46 0.86 0.12 0.10 3.99 3.95 9.85 0.20
Lower Bound 4.69 0.17 0.56 0 1.03
Upper Bound 1.72 8.06 0.65 0.97 10.52 13.68 27.84 1.80
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Figure 5. Means and standard errors for a 95% confidence interval of lead
concentrations, in \igll,, pre- and post-flush. For non-detectable samples. 0.1 \iglh was
used, which is half the detection limit of 0.2 µ^.
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Table 7. Post Hoc test results for trace metals, pre- and post-flush.
Tukey HSD F ost Hoc Test Resulis for Trace Metals, Pre-Flush
First
Location
As,F=271.42 Pb, F=269.62
Second
Location lst-2nd
P
Value ? st ^nd
P
Value
Se, F=254.52
lst-2nd
P
Value
1 2
3
4
0.34
2.25
1.46
0.004
0
0
-5.55
0.41
0.06
0
0.358
0.995
2.84
3.37
2.48
0
0
0
1
3
4
-0.34
1.91
1.13
0.004
0
0
5.55
5.97
5.61
0
0
0
-2.84
0.53
-0.36
0
0.002
0.049
1
2
4
-2.25
-1.91
-0.79
0
0
0
-0.41
-5.97
-0.35
0.358
0
0.489
-3.37
-0.53
-0.89
0
0.002
0
1
2
3
-1.46
-1.13
0.79
0
0
0
-0.06
-5.61
0.35
0.995
0
0.489
-2.48
0.36
0.89
0
0.049
0
Tukey HSD Post Hoc Test Results for Metals, Post-Flush
First
Location
As, F=4.54
Second
Location lst-2nd
P
Value
Pb, F=2.57
lst-2nd
P
Value
Se, F=8.308
lst-2nd
P
Value
1 2
3
4
0.37
-3.13
-1.29
0.985
0.028
0.614
-3.24
-5.83
1.29
0.667
0.193
0.968
2.45
-1.19
2.21
0.039
0.525
0.072
1
3
4
-0.37
-3.49
-1.65
0.985
0.012
0.407
3.24
-2.59
4.53
0.667
0.798
0.397
-2.45
-3.64
-0.24
0.039
0.001
0.992
1
"2
4
3.13
3.49
1.84
0.028
0.012
0.316
5.83
2.59
7.12
0.193
0.798
0.08
1.19
3.64
3.40
0.525
0.001
0.003
1
2
3
1.29
1.65
-1.84
0.614
0.407
0.316
-1.29
-4.53
-7.12
0.968
0.397
0.08
-2.21
0.24
-3.40
0.072
0.992
0.003
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Figure 6. Means and standard errors for a 95% confidence interval of selenium
concentrations, in µ?/L, pre- and post-flush. For non-detectable samples. 0.2 \igl~L was
used, which is half the detection limit of 0.4 µ?/L.
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Table 8. Selenium concentrations in µg/L for four sampling areas, pre-flush and post-
flush. Eight samples were collected in each sampling area. Means, standard deviations,
and lower and upper bounds for a 95% confidence interval are reported. For non-
detectable measurements, 0.2 µg/L was used, half of the detection limit of 0.4 µg/L.
Sample #
1
8
Mean
StDev
Lower Bound
Upper Bound
Selenium Concentrations, pg/L
Pre-flush sampling data
Location
1
4.5
4.4
4.5
5.1
4.8
5.2
4.2
4.2
4.61
0.38
3.86
5.36
Loc.
2
1.6
1.6
1.6
1.9
1.8
1.7
1.78
0.18
1.43
Loc.
3
0.93
0.98
0.95
1.4
1.5
1.7
1.5
1.25
0.31
0.64
2.12 1.85
Loc.
4
2.1
2.2
2.2
2.2
2.1
2.1
2.2
Post-flush sampling data
Location
1
4.5
4.8
3.9
4.2
4.9
4.2
3.8
2.14
0.07
1.99
2.28
0.2
3.81
1.51
0.85
6.77
Loc.
2
1.9
1.3
1.7
1.7
0.68
1.1
1.3
1.2
1.36
0.39
0.59
2.13
Loc.
3
1.6
11
6.1
2.4
5.9
5.9
5.1
5.00
3.07
-1.03
11.03
Loc.
4
1.7
1.4
1.6
1.4
1.9
1.7
1.3
1.8
1.60
0.21
1.18
2.02
Nutrients
Using a paired samples T-test, it was found that between pre- and post-flush, there
was a marginally significant increase in aqueous nitrogen concentrations. The ? value
was 0.048 (See Table 9). According to Table 10, one-way ANOVA for nitrogen showed
the F statistics pre- and post-flush were found to be 19.48 and 19.73, respectively, with
significances of ? = 0.00, indicating change pre- and post-flush. Using the Tukey HSD
Post Hoc Test, pre- flush, there is a net increase in aqueous nitrogen concentrations from
location 1 to locations 2 and 4, which are statistically similar. Locations 2 and 4 have a
significance of ? = 0.48. However, there is a decrease in nitrogen concentrations from
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location 1 to location 3 (see Table 1 1 and Figure 7). Post-flush, locations I5 2, and 4 are
statistically similar, with an increase at location 3.
For the paired samples T-test used to compare sampling events, it was found that
there was a net increase in phosphorus concentrations between pre- and post-flush, with a
confidence level of ? = 0.008 (see Table 9).
Table 9. T-test results for nutrients. The increase in phosphorus concentrations pre-post-
flush was statistically significant, while the increase in nitrogen concentrations between
sampling events was marginally significant.
Type of
Statistics
Pre-Flush
Statistics
Post-Flush
Statistics
Paired
Samples
Correlations
Statistics
Being
Measured
Paired
Differences
95% CI
Paired
Differences
Mean
N
Std. Dev.
Std. Error
Mean
Mean
N
Std. Dev.
Std. Error
Mean
N
Correlation
Nutrient
Nitrogen
1.67
32
0.81
0.14
3.13
32
3.48
0.62
32
-0.59
Sig-
Mean
Std. Dev.
Std. Error
Mean
Lower
Upper
df
Sig. (2-tailed)
0.000
¦1.46
Phosphorous
4.01
0.71
-2.91
-0.014
-2.06
31
0.048
138.97
32
90.56
16.01
326.84
32
334.84
59.19
32
-0.35
0.049
-187.88
376.32
66.52
-323.55
-52.20
-2.82
31
0.008
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Table 10. Post Hoc Test Results for Nutrients, Pre- and Post-Flush.
Tukey HSD Post Hoc Test Results for Nutrients, Pre-
First
Location
1
Second
Location
2
3
4
1
3
4
1
2
4
1
2
3
Flush
N (mg/L),
F=19.48
lst-2nd
-0.78
0.97
-0.43
0.78
1.74
0.35
-0.97
-1.74
-1.39
P
Value
0.017
0.002
0.313
0.017
0
0.48
0.002
0
0
0.43
-0.35
1.39
0.313
0.48
0
P fog/L),
F=23.07
µ?/U
lst-2nd
¦171.38
12.63
-97.63
171.38
184.00
73.75
-12.63
-184.00
-110.25
97.63
-73.75
110.25
P
Value
0
0.96
0.004
0
0
0.035
0.96
0
0.001
0.004
0.035
0.001
Tukey HSD Post Hoc Test Results for Nutrients, Post-
Flush
First
Location
1
Second
Location
2
3
4
1
3
4
1
2
4
1
2
3
N (mg/L),
F=19.73
lst-2nd
-0.06
-0.69
-1.49
0.06
-6.83
-1.43
6.89
6.83
5.40
P
Value
1
0
0.487
1
0
0.522
0
0
0
P fog/L),
F=65.95
lst-2nd
-166.38
-786.38
-95.13
166.38
-620.00
71.25
786.38
620.00
691.25
1.49
1.43
-5.40
0.487
0.522
0
95.13
-71.25
-691.25
P
Value
0.056
0
0.432
0.056
0
0.663
0
0
0
0.432
0.663
0
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Table 11. Nitrogen concentrations in mg/L for four sampling areas, pre-flush and post-
flush. Eight samples were collected in each sampling area. Means, standard deviations,
and lower and upper bounds for a 95% confidence interval are reported. All
measurements were detectable.
Nitrogen Concentrations, mg/L
Sample #
Pre-flush sampling data
Location
1
Loc.
2
Loc.
3
Loc.
4
Post-flush sampling data
Location
1
Loc.
2
Loc.
3
Loc.
4
1 1.8 1.8 0.63 2.1 1 0.89 17 2.5
1.8 0.6 1.7 1.1 0.93 8.1 2.4
3.6 0.7 2.2 0.98 0.82 7.5 2.6
1.8 0.65 2.5 1.1 0.92 6.9 2.5
3.6 0.46 1.7 1.1 0.87 4.5 2.9
2.21.1 0.72 1.1 0.81 9.5
2.6 0.74 0.99 2.5 3.9 2.5
8
Mean
StDev
1.4 2.8 0.66 2.1 0.78 0.9 5.9 2.5
1.61 2.39 0.65 2.04 1.02 1.08 7.91 2.51
0.15 0.91 0.09 0.26 0.11 0.58 4.11 0.20
Low Bound 1.33 0.60 0.47 1.52 0.80 -0.05 -0.14 2.13
Upper Bound 1.90 4.18 0.82 2.55 1.24 2.21 15.96 2.90
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Location, Post-FlushLocation, Pre-Flush
Figure 7. Means and standard errors for a 95% confidence interval of nitrogen
concentrations, in mg/L, pre- and post-flush. All measurements were detectable.
After performing a one-way ANOVA for the pre- and post-flush of phosphorous, it
was found that the F statistics were 23.07 and 65.95, respectively, with ? value of 0.00,
indicating change for phosphorus concentrations in the wetland. For the first
sampling event, after using a Tukey HSD Post Hoc Test, it was found that there was a net
increase in aqueous phosphorus concentrations from inflow to outflow. Locations 1 and
3 were statistically similar; however, there was an increase in phosphorus for locations 2
and 4 (see Table 12 and Figure 8). For the second sampling event, locations 1, 2, and 4
were statistically similar; however, there was an increase in phosphorus concentrations
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Table 12. Nitrogen concentrations in mg/L for four sampling areas, pre-flush and post-
flush. Eight samples were collected in each sampling area. Means, standard deviations,
and lower and upper bounds for a 95% confidence interval are reported. All
measurements were detectable.
Phosphorus Concentrations, Mg/L
Sample
#
1
8
Mean
Pre-flush sampling data
Location
1
94
85
69
67
59
97
64
64
74.88
Loc. 2
170
260
290
170
280
130
220
450
StDev
Lower
Bound
Upper
Bound
14.85
45.78
103.97
246.25
100.42
49.43
Loc.
3
57
57
60
60
59
78
67
60
62.25
Loc. 4
170
170
160
180
180
190
160
170
Post-flush sampling data
Location
1
74
65
67
61
66
64
61
61
172.50
7.09
443.07
48.36
76.14
10.35
152.21
192.79
64.88
4.39
56.27
Loc. 2
240
200
300
330
240
210
190
140
231.25
61.05
73.48
111.60
Loc. 3
1100
780
970
950
580
1200
560
670
851.25
240.15
380.57
Loc. 4
150
170
150
150
180
170
160
150
160.00
11.95
136.57
350.90 1321.93 183.43
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2 300
Location, Post-FlushLocation. Pre-Flush
Figure 8. Means and standard errors for a 95% confidence interval of phosphorus
concentrations, in mg/L, pre- and post-flush. All measurements were detectable.
for location 3 and a net increase in phosphorus concentrations, from inflow to outflow.
To summarize, there was a net increase in nitrogen and phosphorus concentrations for
independent sampling events from inflow to outflow in the constructed wetland, based on
the ANOVA statistical tests, and there was a net increase in nitrogen and phosphorus
concentrations between sampling events, based on the paired T-tests conducted.
Major Ions
For the major ions, it was hypothesized that cations would increase relative to anions,
from inflow to outflow, due to the water being more basic toward the outflow in the pilot
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study, and major cations being attracted to the hydroxide ions in locations with higher
pH. This was found to be the case. This is possibly because cations were attracted to the
increased concentrations of hydroxide as the pH approached 8.00 toward the outflow pre-
flush, and 9.00 post-flush. Likewise, it was found that as alkalinity increased, the ionic
character of the water became more predominantly cationic, and as alkalinity decreased,
anions exceeded cations (Figure 9 and Figure 10).
Unlike with trace metals and nutrients, there was no spike in total anion/cation
concentrations for area 3 and total anion/cation concentrations decreased between
Anión/Catión Balance, Pre-Fhsh
45
40
35
S 30
5???§ 25 D Anions
C3
CB Cations20
O)
O
§ 15
O
10
0
1
Location
Figure 9. Relative concentrations of total anions and cations at four sampling areas, pre-
fiush. Concentrations represented are the means of three samples collected per sampling
area. Anions are the white bars on the left and cations are the shaded bars on the right.
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Unlike with trace metals and nutrients, there was no spike in total anion/cation
concentrations for area 3 and total anion/cation concentrations decreased between
sampling events. It is thought that this is because ions have different mechanisms of
regulations than metals and nutrients (see Discussion section).
See Tables 13, 14, and 15 and Figures 1 1 and 12 for more ions results. Table 13
represents ion concentrations measured in mg/L, Table 14 represents ion concentrations
in mol/L, Table 15 is in meq/L, and Table 16 monitors % composition of the major ions.
Anion/Catbn Balance, Post-Flush
a 20
Location
D Anions
Gl Cations
Figure 10. Relative concentrations of total anions and cations at four sampling locations
from the post-flush. Concentrations represented are the means of three samples collected
per sampling area. Anions are the white bars on the left and cations are the shaded bars
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Table 13. Major anion/cation concentrations in milligrams/liter (mg/L) for four sampling
locations, pre- and post-flush. Three samples were collected at each sampling location
and the means of the three samples are reported. .
Location 1 , Pre-Flush Location 1 , Post-Flush
Cations Anions Cations Anions
Species mg/L Species mg/L Species | mg/L Species mg/L
Na 230 0.5467 Na 156.67 0.52
K 20.67 Cl 260 K 16 Cl 186.67
Ca 123.33 Alkalinity" 170 Ca 99.67 Alkalinity 220
Mg 120 SO4 840 Mg 91.33 SO4 560
Total 494 Total 1270.55 Total 363.67 Total 967.19
Location 2, Pre-Flush ,ocation 2, Post-Flush
Cations Anions Cations Anions
Species | mg/L Species mg/L Species mg/L Species mg/L
Na 266.67 0.4567 Na 280 0.65
K 19.67 Cl 286.67 K 13.67 Cl 356.67
Ca 216.67 Alkalinity 286.67 Ca 226.67 Alkalinity 363.33
Mg 156.67 SO4 930 Mg 160 SO4 1000
Total 659.68 Total 1503.8 Total 680.34 Total 1720.65
Location 3, Pre-Flush ,ocation 3, Post-Flush
Cations Anions Cations Anions
Species mg/L Species mg/L Species mg/L Species mg/L
Na 246.67 0.4733 Na 160 0.71
K 15.67 Cl 313.33 K 5.47 Cl 180
Ca 160 Alkalinity 293.33 Ca 166.67 Alkalinity 270
Mg 146.67 SO4 956.67 Mg 100.33 SO4 623.33
Total 569.01 Total 1563.8 Total 432.47 Total 1074.04
Location 4, Pre-Flush ,ocation 4, Post-Flush
Cations Anions Cations Anions
Species mg/L Species mg/L Species mg/L Species mg/L
Na 330 0.64 Na 243.33 0.78
K 25 Cl 386.67 K 14.33 Cl 293.33
Ca 166.67 Alkalinity .236.67 Ca 110 Alkalinity 146.67
Mg 176.67 SO4 1200 Mg 130 SO4 943.33
Total. 698.34 Total 1823.98 Total 497.66 Total 1384.11
*Alkalinity, as CaC03, reported from Week Laboratories.
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Table 14. Major anion/cation concentrations in moles/liter (mol/L) for four sampling
locations, pre- and post-flush. Three samples were collected at each sampling area and
the means of the three samples are reported.
Location 1 , Pre-Flush
Cations
Species
Na + K
Ca
Mg
mol/L
0.0105
0.0031
0.?049
Total 0.0185
Anions
Species
Cl
HCO3*
SO4
mol/L
0.0073
0.0113
0.0087
Total 0.0178
Location 2, Pre-Flush
Cations
Species
Na + K
Ca
Mg
Total 0.024
Mol/L
0.0121
0.0054
0.0064
Anions
Species
Cl
HCO,
SO4
mol/L
0.0081
0.0191
0.0097
Total 0.0206
Location 3, Pre-Flush
Cations
Species
Na + K
Ca
Mg
mol/L
0.0111
0.004
0.006
Total 0.0212
Anions
Species
Cl
HCO3
SO4
Mol/L
0.0088
0.0196
0.01
Total 0.0217
Location 4, Pre-Flush
Location 1 , Pre-Flush
Cations
Species
Na + K
Ca
Mg
mol/L
0.0072
0.0025
0.0038
Total 0.0135
Anions
Species
Cl
HCO3
SO4
mol/L
0.0053
0.0147
0.0058
Total 0.0133
Location 2, Post-Flush
Cations
Species
Na + K
Ca
Mg
mol/L
0.0125
0.0057
0.0066
Total 0.0248
Anions
Species
Cl
HCO3
SO4
mol/L
0.0101
0.0242
0.0104
Total 0.0241
Location 3, Post-Flush
Cations
Species
Na + K
Ca
Mg
mol/L
0.0071
0.0042
0.0041
Total 0.0154
Anions
Species
Cl
HCO3
SO4
mol/L
0.0051
0.018
0.0065
Total 0.0143
Cations
Species
Na + K
Ca
Mg
Total
mol/L
0.015
0.0042
0.0073
0.0264
Anions
Species
Cl
HCO3
SO4
Total
mol/L
0.0109
0.0158
0.0125
0.0258
Location 4, Post-Flush
Cations
Species
Na + K
Ca
Mg
Total
mol/L
0.011
0.0027
0.0053
0.019
Anions
Species
Cl
HCO3
SO4
Total
mol/L
0.0083
0.0098
0.0098
0.0196
*At near-neutral pH, bicarbonate is the predominant carbonate species.
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Table 15. Major anion/cation concentrations in milliequivalents/liter (meq/L) for four
sampling locations, pre- and post-flush. The means of three samples are reported.
Alkalinity is reported as calcium carbonate, representing total carbonate concentrations in
the system, which approximate bicarbonate at near-neutral pH.
Location 1 , Pre-Flush
Cations
Species
Na + K
Ca
Mg
Total 26.6
meq/L
10.5
6.2
9.9
Anions
Species
Cl
HC(V
SO4
Total 28.2
meq/L
7.3
3.4
17.5
Location 2, Pre-Flush
Cations
Species
Na + K
Ca
Mg
Total
meq/L
12.1
10.8
12.9
35.8
Anions
Species
Cl
HCO.
SO4
Total
meq/L
8.1
5.7
19.4
33.2
Location 3, Pre-Flush
Cations
Species
Na + K
Ca
Mg
Total 31.2
meq/L
11.1
8.0
12.1
Anions
Species
Cl
HCO3
SO4
Total 34.6
meq/L
8.8
Location 1 , Post-Flush
Cations
Species
Na + K
Ca
Mg
Total
meq/L
7.2
5.0
7.5
19.7
Anions
Species
Cl
HCO,
SO4
Total 21.3
meq/L
5.3
4.4
11.7
Location 2, Post-Flush
Cations
Species
Na + K
Ca
Mg
Total 37.0
meq/L
12.5
11.3
13.2
Anions
Species
Cl
HCO3
SO4
Total 38.1
meq/L
10.1
7.3
20.8
Location 3, Post-Flush
Cations
Species
5.9
19.9
Location 4, Pre-Flush
Cations
Species
Na + K
Ca
Mg
Total
meq/L
15.0
8.3
14.5
37.9
Anions
Species
Cl
HCO3
SO4
Total
meq/L
10.9
4.7
25.0
40.6
Na + K
Ca
Mg
Total
meq/L
7.1
8.3
8.3
23.7
Anions
Species
Cl
HCO3
SO4
Total
meq/L
5.1
5.4
13.0
23.5
Location 4, Post-Flush
Cations
Species
Na + K
Ca
Mg
Total
meq/L
11.0
5.5
10.7
27.1
Anions
Species
Cl
HCO3
SO4
Total
meq/L
8.3
2.9
19.6
30.8
* At near-neutral pH, bicarbonate is the predominant carbonate species in the wetland.
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Table 16. Major anion/cation concentrations in % anions and % cations for four
sampling locations and two independent sampling events. Three samples were collected
in each sampling area and the means of the three samples are reported.
Location 1 , Pre-Flush
Cations
Species
Na + K
Ca
Mg
Total
%
39.656
23.169
37.175
100
Anions
Species
Cl
HCO,*
SO4
Total
25.989
12.041
61.97
100
Location 2, Pre-Flush
Location 1 , Post-Flush
Cations
Species
Na + K
Ca
Mg
Total
%
36.644
25.231
38.125
100
Anions
Species
Cl
HCO3
SO4
Total
%
24.694
20.6182
54.6879
100
Cations
Species
Na + K
Ca
Mg
Total
%
33.799
30.196
36.005
100
Anions
Species
Cl
HCO3
SO4
Total
%
24.373
17.265
58.361
100
Location 3, Pre-Flush
Cations
Species
Na + K
Ca
Mg
Total
%
35.694
25.605
38.702
100
Anions
Species
Cl
HCO3
SO4
Total
Location 2, Post-Flush
Cations
Species
Na + K
Ca
Mg
Total
%
33.856
30.567
35.577
100
Anions
Species
Cl
HCO3
SO4
Total
%
26.3765
19.0351
54.5884
100
Location 3, Post-Flush
Cations
%
25.53
16.933
57.537
100
Location 4, Pre-Flush
Cations
Species
Na + K
Ca
Mg
Total
%
39.614
21.976
38.41
100
Anions
Species
Cl
HCO3
SO4
Total
%
26.849
11.645
61.507
Species
Na + K
Ca
Mg
Total
%
29.988
35.137
34.875
100
Anions
Species
Cl
HCO3
SO4
Total
%
21.6494
23.0097
55.3409
100
Location 4, Post-Flush
Cations
Species
Na + K
Ca
100
Mg
Total
%
40.352
20.229
39.419
100
Anions
Species
Cl
HCO3
SO4
Total
%
26.8253
9.49942
63.6753
100
*At near-neutral pH, bicarbonate is the predominant carbonate species, and carbonate
concentrations are negligible, down two orders of magnitude.
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A Piper diagram contains trilinear fields. The field on the bottom left indicates
percentages of the cations calcium, magnesium, and sodium + potassium. The field on
the bottom right indicates percentages of the anions chloride, sulfate, and carbonate +
bicarbonate. The diamond-shaped field at the top of the figure represents mixing trends
C1 + S04 50 50 Ca + Mg
C03 20
30Na HC03
Mg 50 50 S04
90 60 70 60 50 40 30 20 10
. Ca
10 20 30 40 50 60 70 80 90Cl
Figure 11. Piper Diagram for major ionic species, pre-flush. The bottom left triangle
represents cations, the bottom right triangle represents anions, and the top field represents
mixing trends between anions and cations.
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between the cationic groups calcium + magnesium and sodium + potassium. It also
indicates mixing trends between the anionic groups sulfate + chloride and carbonate +
bicarbonate. The triangular fields have three axes indicating relative percentages of the
anions and cations, and the diamond-shaped field has axes that indicate percentages of
anionic and cationic groups in relation to each other. To use a Piper diagram, it is
C1 + S04 50 50 Ca + Mg
40
C03 20
HC03
, + 6040 ?
Mg 50 50 S04
90 80 70 60 50 40 30 20 10
Ca
10 20 30 40 50 60 70 80 90
__________a
Figure 12. Piper Diagram for major ionic species, post-flush. The bottom left triangle
represents cations, the bottom right triangle represents anions, and the top field represents
mixing trends between anions and cations.
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necessary to convert the ions from the units they are reported in, typically milligrams/liter
(mg/L) or moles/liter (mol/L) to milliequivalents/liter (meq/L).
Pre-flush, sulfate was the dominant anion, there was no dominant cation, calcium and
magnesium cations dominated over sodium and potassium cations, and chloride and
sulfate anions dominated over carbonate and bicarbonate anions. Post-flush, there was
little variation in the frequencies of anions and cations relative to pre-flush (see Figures
1 1 and 12). Additionally, there was little variation due to sampling area, so that there
was little temporal or spatial variation.
To summarize, concentrations of cations were slightly dominant over anions for both
sampling events, relative concentrations of magnesium, sodium, and potassium cations,
there was little spatial or temporal variation in ionic frequencies, and overall
concentrations of anions and cations decreased in between sampling events, as expected.
Pilot Study
According to Table 17, for the first pilot study, pH started at 7.36 for location 1,
decreased to 6.79 at location 2, and hydrogen ions increased more than ten-fold to 7.94 at
location 4. Dissolved oxygen showed a similar pattern of decrease, followed by increase,
upstream to downstream.
The second sampling event in the pilot study exhibited a similar pattern, with the
exception that pH approached 9 at location 1 and at location 4. Hydrogen ions decreased
more than one hundred-fold between locations 1 and 2, and hydrogen ions increased
more than one hundred-fold between locations 2 and 4.
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Table 17. pH, ORP, Water Temperature, Dissolved Oxygen, Conductivity, and Salinity,
monitored for four sampling locations in the pilot study (see Appendix I for complete
data set and methodology).
Water
Quality
Meter
Water Quality
Parameter Measured
First Sampling Event, Pilot Study (July 2007)
Loc.
1
Loc.
2
Loc.
3'
Loc.
4 Mean St.Dev.
pH/ORP
Meter
pH 7.36 6.79 7.12 7.94 7.30 0.48
ORP (mV) 100 256 160 63 144.75 84.25
Water Temp. (0C) 25.9 27.2 28.3 34.1 28.88 3.62
YSI 85
Meter
Dissolved Oxygen (%) 21.9 9.2 5.7 132.2 42.25 60.37
DO (mg/L) 1.82 0.72 0.45 9.3 3.07 4.19
Conductivity (µ8) 5.7 4.4 18.3 199.2 56.90 95.07
Specific Conductance
M) 5.8 4.2 17.7 169.3 49.25 80.26
Salinity (ppt) 0.1 0 0 0 0.03 0.05
Water Temp. (0C) 24.7 28.6 I 26.8 34.2 28.58 4.07
Water
Quality
Meter
Water Quality
Parameter Measured
Second Sampling Event, Pilot Study (August
2007)
Loc.
1
Loc.
2
Loc.
3
Loc.
4 Mean St.Dev.
pH/ORP
Meter
pH
ORP (mV)
Water Temp. (0C)
Dissolved Oxygen (%)
8.94 6.76 7.16 8.91 7.94 1.15
-79 234 55 56 66.50 128.41
33.7 23.8 25.6 33 29.03 5.06
YSI 85
Meter
80.1 9.3 34.7 188 78.03 78.95
DO (mg/L) 5.91 0.81 2.93 13.5 5.79 5.55
Conductivity (µ8)) 493 74.4 34.4 28 157.45 224.64
Specific Conductance
foS) 439.7 78.5 35.1 24.3 144.40 198.26
Salinity (ppt) o.: 0.05 0.10
Water Temp. (0C) 31.3 12.3 23.9 33.1 27.65 5.35
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CHAPTER 6
WEAKNESSOFAPPROACH
Methods
For the pilot study, great care was taken to ensure that sampling instruments were
calibrated correctly. Samples were collected in a short window of time, lasting several
hours over a period of two days, to minimize spatial and temporal variation and skewing
of sampling results.
Unfortunately, during the summer months when the pilot study was conducted,
temperatures, exceeding 10O0F (43°C), may have artificially inflated water temperature
readings. This in turn may have affected the instrument calibration of other readings,
such as specific conductance, even though water quality meters were immersed in sample
water for 30.seconds-l minute. This would have cancelled out most of the temperature
inflation due to ambient air temperature. Fortunately, this artificial inflation of water
temperature was likely carried out through all the 117 points measured in the pilot study,
so that differences in the water quality parameters tested in the pilot study will still be
determinable.
However, it is my recommendation that in the future, two things should occur to
ensure accuracy of measurements being taken. The first is that the water quality meters
will have been recently calibrated and trial measured, as was done in this pilot study. The
second is that the probes of the water quality meters are immersed in the sample water for
sufficient time to negate the distorting effects of inclement weather on air temperature
that gives a false reading.
During the course of the main study, great care was taken to ensure the cleanliness of
the sampling containers. For example, they were opened only immediately before sample
collection to avoid contamination. Some of the sample containers contained a small
amount of preservative (nitric acid for trace metals and sulfuric acid for nutrients). To
avoid confusion, sample water was collected in a separate vial. Water was poured from
this container into the vials that were shipped to the testing laboratory. To ensure
cleanliness and avoid contamination, the vial used for collection was initially rinsed with
distilled water, then with wetland water near the sampling location.
However, some of the sampling locations were not easily accessible. Vegetation had
to be cleared, and locations had to be dug out with a shovel three days prior to sample
collection to provide sufficient depth for collecting samples. To minimize disturbance by
stirring up the sediment, various methods were devised to counter these effects.
Additionally, one sampling location had dried up completely for the second sampling
event! The location was moved about 180ft. (55m) upstream to counteract this. This was
acceptable because of the pilot study that determined that locations within this proximity
were spatially similar.
Additionally, there were numerous problems coordinating testing with the laboratory,
so it is recommended that steady communication be maintained with the testing
laboratory, to minimize problems based on a lack of, or poor, communication.
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CHAPTER 7
DISCUSSION
Trace Metals
There are several factors that may have influenced the distribution of metal
concentrations in the constructed wetland at the Springs Preserve. The partitioning of
metals and metalloids in the sediment in the solid phase, flow into the aquifer in the
aqueous phase, uptake by plants, animals, and bacteria, loss to the atmosphere, and
disturbances that may have stirred up sediment pre- and post-flush, for the sampling
times before and after high flow, are possible factors that could potentially account for
fluctuations of trace metal concentrations in the constructed wetland. Water quality for
influent water is a factor in the sense that constituents can be transported through the
wetland, and also in the sense that concentrations of the constituents can be affected by
the factors previously mentioned. Also, the sludge in the Alta Flood Channel is a factor
in the sense that it affects the quality of the influent water (Lemly 1998, Crittenden et al.
2005, Domenico and Schwartz 1998, Hillel 1998).
It was hypothesized that for the first sampling event, arsenic, lead, and selenium
concentrations would be reduced from inflow to outflow (Lemly 1998, Crittenden et al.
2005). This was found to be the case for arsenic and selenium, according to the results of
the ANOVAs, though the results were inconclusive for lead. It is thought that for the first
sampling event, conditions had stabilized over an extended period (two to three months).
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Water near location 1 is thought to be qualitatively similar to the influent water flowing
in through the Alta Flood Channel, due to diffusion of solid and aqueous constituents
away from a point source to adjacent locations (Crittenden et al. 2005, Hillel 1998).
Because conditions had stabilized, there was little flow near the inlet into the
constructed wetland (less than 0.15 ft/s, or 0.05 m/s; see Appendix III), and no flow for
water exiting the constructed wetland. Conditions of little to no flow velocity may have
promoted the settling of solid particles, and, through partitioning of dissolved
constituents to settling particles, transfer of dissolved aqueous species into the sediment,
where plant uptake from the water sedges into the roots and stalks may have further
decreased aqueous metal concentrations (Lemly 1998, Crittenden et al. 2005). The low
flow may have allowed time for additional selenium, arsenic, and lead concentrations in
the water to be consumed by waterfowl, aquatic organisms such as snails and mosquito
fish, and microorganisms such as algae and bacteria. While this is unquantifiable in the
wetland based on available data, the presence of these organisms and the literature seem
to support this as being a possibility (Lemly 1998, Crittenden et al. 2005). Also, bacteria
and plants may have caused a loss of arsenic, lead, and selenium into the atmosphere,
albeit in negligible concentrations (Lemly 1998, Crittenden et al. 2005).
Additionally, it was found that for both sampling events, selenium, arsenic, and lead
concentrations increased at location 3 and went back down at location 4, towards the
outflow. It is thought that several things may have caused this trend. First, at location 3,
the water is exceptionally shallow. It is thought that the underlying "sludge" may have
been infiltrated into the water near location 3. Second, the wetland near location 3 is
subject to periodic partial drying. The trace metals are thought to have concentrated
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because of the water evaporating and leaving behind solid particulate matter that included
trace metals. Third, at location 4, towards the outflow, water exits the system during
flood events via a storm drainage system, and also infiltrates through the aquitard,
transporting contaminants with it that include trace metals.
Tying the results of the pilot study into the results of the trace metals testing, for the
pilot study, pH was reduced toward locations 2 and 3 relative to locations 1 and 4, by 1 -2
pH units. This equates to a ten-fold to a one hundred-fold increase in the prevalence of
hydrogen cations, as well as a ten-fold to a one hundred-fold decrease in hydroxide
anions near location 3 (Domenico and Schwartz 1998). It is likely that the aqueous and
surface chemistry of the trace metals and metalloids was influenced by these changes of
pH, although a more detailed geochemical study was beyond the scope of this study.
It was hypothesized that aqueous concentrations of trace metals would be reduced
between sampling events, due to trace metals exiting the wetland during the flooding
event; however, the opposite was true. There was an increase in metal concentrations
between sampling events. The two independent samplings were conducted before and
after a minor flooding event that consisted of well flushes of potable water that increased
average influent water sufficiently to cycle water entirely through the wetland. It is
thought that the entire volume of water in the constructed wetland was changed over, or
cycled through, in the flooding event.
The concentrations of arsenic, lead, and selenium in the potable well flush water were
not determined. However, the high flow volume and increased flow velocity are thought
to have caused a disturbance in sediment settling that may have caused arsenic, lead, and
selenium concentrations in the sediment to be redistributed as aqueous arsenic, lead, and
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selenium in the wetland water, according to Lemly (1998), who talk extensively about
factors that affect wetland health, and Crittenden et al. (2005), who talk at length about
factors that affect water treatment.
For the second sampling event, area 3 was moved upstream about 65m (180ft), due to
location 3 drying up between the flooding event and the second time samples were
collected. However, due to the tests performed in the pilot study determining spatial
independence in the wetland system (see Appendix I), samples should not have been
compromised.
Therefore, it is hypothesized that the spike in aqueous arsenic, lead, and selenium
concentrations for the second sampling event is attributable to factors other than physical
sampling location. Flooding followed by rapid drying out of the constructed wetland left
no outlet for the wetland water after area 3. The channel was completely dry for more
than 200 ft between areas 3 and 4, where water was collected in a small pond encircling
area 4. Because there was no outlet for water at area 3, selenium, arsenic, and lead
concentrated at area 3 without having passage further downstream. The shallow water at
area 3 may have provided less opportunity for aqueous arsenic, lead, and selenium to
settle in the sediment (Lemly 1998), as well as causing existing aqueous metals to
concentrate (Crittenden et al. 2005), which may have increased aqueous metal
concentrations in area 3
There was a reduction in aqueous selenium, arsenic, and lead concentrations for
location 4 relative to location 3. Location 4 had no flow, but a static pool of water, which
may have allowed aqueous metals and metalloids to associate with particles and
subsequently be incorporated into the sediment, thereby reducing aqueous concentrations
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of the metals sampled. Similar behavior has been observed by other investigators (Lemly
1998, Crittenden et al. 2005).
To summarize, it was hypothesized that there would be a reduction in aqueous
concentrations of arsenic, lead, and selenium pre-flush from inflow to outflow. This was
generally true. The original hypothesis stated there would be no change in trace metal
concentrations between sampling events. There was a net increase. It was thought there
would be a net decrease in aqueous concentrations of trace metals from inflow to
outflow, post-flush. The opposite was found to be true. Interactions of trace metals with
components of the wetland ecosystem are thought to have created the results of trace
metal sampling.
Understanding the results of the trace metals testing will help to determine which
sampling location to use for pulling out water to irrigate various ponds at the Springs
Preserve inhabited by endangered amphibian species. Consistently, location 4 was found
to be among the lowest in aqueous concentrations of arsenic, lead, and selenium for the
locations sampled, for both sampling events (pre-flush and post-flush). This indicates
that near location 4 would be a logical choice for providing irrigation water of other
ponds at the Springs Preserve to be inhabited by amphibian species, though water from
near location 1 , which has already been contracted out to provide irrigation water to the
ponds, is suitable, as well. Water from near location 1 might even be water from near
location 4, due to the possibility of water from location 3 flushing into the vicinity of
location 4.
Nutrients
It was originally hypothesized that total phosphorus concentrations and total nitrogen
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concentrations would increase in the wetland from inflow to outflow, pre- and post-flush,
due to nitrogen cycling and phosphorous cycling, which cause concentrations of total
nitrogen and total phosphorus to increase as these nutrients cycle through the wetland. It
was also hypothesized that there would be no change in nutrient concentrations between
the flushing events. It was found that there was a net increase in nitrogen and phosphorus
concentrations, for pre- and post-flush.
It is thought that nutrient concentrations increased from inflow to outflow, especially
at location 3, for various reasons. Contrary to the trace metals, which had the potential
for reduced concentrations from inflow to outflow (Lemly 1998, Crittenden et al. 2005),
nitrogen and phosphorus cycled through the wetland in such a way as to increase nutrient
concentrations, from inflow to outflow. There were negligible concentrations of the
biologically active nitrate and ortho-phosphate, according to the results of one replicate
for each sampling location in the laboratory report (data not shown), so these were not a
concern in the study. Unfortunately, with the above exception, the different forms of
nutrients and trace metals were not measured, making possible only analysis of total
concentrations of metals and nutrients.
However, contrary to trace metals, nutrients are not volatilized into unstable, reactive
organic compounds that exit the wetlands in the concentrations that metals are. When
nutrients are taken up by plants and animals, they are cycled through the wetland more
readily than metals. They are deposited back into the soil through plant and animal
waste, and they are easily available for further cycling (Crittenden et al. 2005, DeBusk
2006, Crittenden et al. 2005). Nitrogen and phosphorus deposited into the sediment are
more readily available than the trace metals arsenic, lead, and selenium when deposited
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in the sediment (DeBusk 2006, Lemly 1998, Crittenden et al. 2005). Therefore, nitrogen
and phosphorus are likely to concentrate in the wetland, from inflow to outflow, as
additional aqueous nitrogen and phosphorus flow into the system (Crittenden et al. 2005,
DeBusk 2006).
There was a statistically significant increase in nutrients area 3 post-flush for the
same reasons as for the metals. The wetland had dried at area 3, leaving shallow water
and no outlet that facilitated increased concentrations of nutrients at area 3 prior to the
flood and surface water drying up (Domenico and Schwartz 1998).
In summary, many of the same hydrologie processes that occur for metals occur for
nutrients, with the exception that there are fewer escape routes for nutrients than for
metals (Lemly 1998, Domenico and Schwartz 1998, Crittenden et al. 2005, DeBusk
2006).
Major Ions
The major ions that were not metals, metalloids, or nutrients were distributed
uniformly throughout the wetland, for both sampling events. Sampling time was shown
to be more important in determining major ion composition in the wetland than sampling
location. This happened for several reasons. The most important reason is that the major
ions are charged ions that are solvated by dipole moments in water molecules (Domenico
and Schwartz 1998). While most of the dissolved species discussed in this study are
charged, essentially all of the major ions are more mobile than the charged metals,
metalloids, and nutrients (Domenico and Schwartz 1998).
Although relative major ionic concentrations were similar pre- and post-flush, total
anionic and cationic concentrations increased, pre- to post-flush. While it is difficult to
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determine the reasons behind this, it is known that flow in the constructed wetland is
mostly convective towards the inflow, and mostly invective towards the outflow. This
means that it is mostly flow-dominated toward the inflow, and mostly diffusion-
dominated toward the outflow (Hillel 1998). During the minor flooding event, there may
have been an influx of ions convectively faster than they may have exited the constructed
wetland invectively, and by water exiting the wetland via the storm drainage system.
Additionally, it is possible that diffusional and kinetic limitations might affect the
movement of these ions through a complex wetland system (Hillel 1998, Crittenden et al.
2005).
Recommendations
At a minimum, in order to monitor the overall "health" of the wetland on an ongoing
basis, the following steps are recommended. First, it is recommended that the same
sampling locations that were used in the main study remain in use to be sampled for the
continuous collection of sampling data, with the addition of one sampling location near
the intake that will irrigate creek channels onsite, using water from the constructed
wetland. This will be a total of five sampling locations. Second, locations will be
sampled for pH, ORP, water temperature, total nitrogen and phosphorus, and total lead,
selenium, and arsenic. This will allow for research staffai the Springs Preserve to
determine if there are hazardous concentrations of selected trace metals that could pose a
health risk to wildlife, and to humans. Third, sampling will occur three times a year
(every four months) to account for seasonal variations. To avoid the winter months,
when freezing of the wetland may occur, sampling will occur February, June, and
October.
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Additionally, it is the author's recommendations for future use of the wetland to
periodically dredge the sediment on the bottom of the wetland to remove harmful
contaminants that have deposited in the sediment, followed by flushing with potable
water; it is thought that this will keep the management of harmful contaminants under
control long-term.
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CHAPTER 8
CONCLUSION
Wetlands such as the constructed wetland at the Springs Preserve appear to be an
effective means of reducing aqueous concentrations of harmful contaminants such as the
trace metals arsenic and selenium, but not lead. While the data collected yielded mixed
results for the reduction of aqueous metal concentrations, the outflow was among the
lowest in metal concentrations, many times lower than the inflow. This could have
occurred for various reasons, including plant uptake, consumption by aquatic organisms,
inactivation in the sediment or via microbes, and loss into the atmosphere (Lemly 1998,
Crittenden et al. 2005). Likewise, evapoconcentration, sludge buildup, and periodic
drying may be responsible for elevated concentrations of trace metals near the center of
the constructed wetland, and diffusion and flooding of water out of the wetland during
flooding events might be responsible for the reduction of aqueous concentrations of trace
metals toward the outflow of the wetland.
Even so, the constructed wetland at the springs preserve proved problematic in
reducing concentrations of harmful trace metals in sections of the wetland where
evapoconcentration dominates and diffusion of trace metals away from the location is not
fast enough to offset trace metals being transported to the location by new flow.
However, towards the outflow, the trace metals are thought to have exited the wetland
when it overflowed and through diffusion into the aquifer surrounding the wetland.
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Nutrieht concentrations in the wetland increased from inflow to outflow, according to
the ANOVAs for nitrogen and phosphorus, though the trend was weak. This could be
attributable primarily to phosphorus and nitrogen cycling Nitrogen and phosphorus are
thought to have cycled through the wetland ecosystem through nitrogen cycling and
phosphorus cycling (DeBusk 2006, Crittenden 2005). There is less potential for nutrients
to be volatilized into organic components that easily exit the wetland (DeBusk 2006,
Lemly 1998, Crittenden et al. 2005), and nutrients are more likely to cycle through the
various levels of the food chain according to the same references.
The nutrients accumulated from inflow to outflow for many of the same reasons the
trace metals did, but with fewer routes of escape. However, this is not a concern for the
health of the wetland because those nutrients are essential for the health of the wetland.
Overall, major ion concentrations increased between pre- and post-flush and different
sampling locations were similar for relative percentages of cations and anions in each
sampling event. Relative concentrations of ions were similar throughout the wetland, but
total concentrations increased between pre- and post-flush. In other words, there was
little spatial variation in aqueous concentrations of anions and cations, though there was a
net increase in both anions and cations between flushing events. Aqueous concentrations
of major ions, however, are not a major concern for either drinking water standards or
wildlife.
The author's recommendations for future use of the wetland are to periodically
dredge the sediment on the bottom of the wetland to remove harmful contaminants that
have deposited in the sediment, followed by flushing with potable water; it is thought that
this will keep the management of harmful constituents under control.
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APPENDIX I
METHODS FOR YSI 85 METER USE IN PILOT STUDY
The parameters measured using the YSI 85 water quality meter included dissolved
oxygen, in percent and in milligrams/liter, conductivity, specific conductance, salinity,
and ambient water temperature. In order to take measurements using the meter, it was
necessary to turn on the meter fifteen minutes prior to use and measure according to the
manufacturer's directions. The directions were to keep the measuring probe stored in the
calibration chamber. Once it became time to measure, a sample was collected according
to the Methods section, and the probe was removed from the calibration chamber, into the
sample water. The probe was used to stir the water at a velocity exceeding IfVs until
readings stabilized. Once the parameters being measured stabilized, they were stored by
depressing and holding the ENTER button for about two seconds while Dissolved
Oxygen along with Temperature were displayed. Once data were saved, the probe and
calibration chamber were rinsed with distilled water, and the probe was reinserted into
the calibration chamber. Data were saved until all fifty data sites were full. At this point,
the message FULL flashed on the screen. At this point, any further measurements saved
would have been saved in existing data sets, starting by overwriting site #1.
Measurements were saved as follows: MODE was pressed multiple times until rcl
was on the screen along with the site identification number. This put the YSI 85 Meter in
the RECALL mode. Pressing the ENTER button reviewed the last data saved. It started
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with Dissolved Oxygen % and temperature. Pressing ENTER subsequent times
displayed Dissolved Oxygen mg/L, Conductivity, Specific Conductivity, and Salinity,
respectively, each displayed along with Temperature. Using the UP ARROW and the
DOWN ARROW moved through the saved data sets. Pressing ENTER displayed data
for the desired site number. Pressing the MODE button again returned the unit to the
normal operating mode. Measurements were then recorded onto a data sheet, along with
notes and comments. These were entered and verified later using Excel.
The YSI 85 meter erases stored data, once fifty measurements have been recorded. It
will overwrite existing data, beginning with site number 1 . To avoid confusion caused by
overwritten data, a full data set was erased according to the following procedure:
The word FULL appears on the screen once all fifty measurements have been saved.
The MODE button was pressed multiple times until the word ERAS appeared on the
screen. Pressing and holding the DOWN ARROW and ENTER buttons at the same time
erased the data set and the word DONE appeared on the screen. This erased data from all
fifty sites; data were recorded on the data sheet to avoid being lost.
The probe and calibration chamber were rinsed with distilled water and the probe was
returned to the calibration chamber. The meter was returned to the pelican case for
security and to avoid overheating the unit during the summer months. When the unit
overheats, the screen turns black and data cannot be displayed.
Temperature, pH, and ORP readings were taken using the Hanna pH/ORP meter. Its
use was relatively simple. The meter was turned on by pressing POWER/MODE. The
probe was immersed in the water sample. The meter displayed temperature with either
pH or ORP. Pressing and releasing the SET/HOLD button switched between pH and
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ORP. Once the pH and temperature readings were constant, pH, ORP, and temperature
were recorded directly onto the data sheet.
At this point, the pH meter was rinsed with distilled water and returned to the
carrying case. Data were then collected for subsequent points by repeating the above
procedure until all data points were collected.
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Table A. Dissolved oxygen, conductivity, salinity, and temperature as recorded using a
YSI 85 meter for the first sampling event of the pilot study, conducted 7/26-7/27/2007.
Spatial/Temporal Information YSI 85 Meter
Date Time
Location
#
Dist.
to
next
#
(ft.)
DO
%
DO
mg/L
Cond.
(MS)
Sp.
Cond.
frS)
Sal.
7/26/2007 8:25 1 22.2 44.70 3.68 85.60 85.20 0.00
7/26/2007 8:34 18.9 6.50 0.54 204.60 205.80 0.10
7/26/2007 8:45 22.7 21.90 1.82 5.70 5.80 0.00
7/26/2007 8:50 19.6 13.50 1.11 11.80 11.80 0.00
7/26/2007 9:05 18.4 16.30 1.38 10.50 10.80 0.00
7/26/2007 9:15 15.3 25.80 2.15 11.30 11.40 0.00
7/26/2007 9:25 18.9 28.20 2.39 6.20 6.20 0.00
7/26/2007 9:32 18.9 14.50 1.22 10.90 11.10 0.00
7/26/2007 9:44 15.3 29.30 2.46 9.40 9.60 0.00
7/26/2007 9:55 10 14.3 12.10 1.02 33.70 34.30 0.00
7/26/2007 10:07 11 23.2 9.80 0.82 285.30 289.60 0.10
7/26/2007 10:18 12 18.7 8.40 0.70 101.00 102.20 0.10
7/26/2007 10:24 13 17.2 8.90 0.74 91.20 92.10 0.00
7/26/2007 10:34 14 18.8 9.10 0.76 112.10 112.70 0.10
7/26/2007 10:40 15 18.2 8.60 0.71 73.70 73.80 0.00
7/26/2007 10:46 16 25.2 6.50 0.54 260.70 262.20 0.10
7/26/2007 10:54 17 19.0 15.40 1.24 10.40 10.20 0.00
7/26/2007 10:58 18 20.9 13.30 1.07 301.30 293.40 0.10
7/26/2007 11:10 19 18.0 11.10 0.89 19.30 18.80 0.00
7/26/2007 11:21 20 16.3 8.20 0.67 155.20 152.40 0.10
7/26/2007 11:40 21 16.0 11.30 0.92 26.00 25.50 0.00
7/26/2007 11:51 22 17.5 6.40 0.52 12.10 11.90 0.00
7/26/2007 11:55 23 23.2 11.10 0.90 115.60 113.40 0.10
7/26/2007 12:00 24 21.9 7.80 0.65 43.10 43.20 0.00
7/26/2007 12:08 25 17.4 17.30 1.37 7.50 7.10 0.00
7/26/2007 12:14 26 16.4 5.90 0.48 12.70 12.50 0.00
7/26/2007 12:25 27 18.4 4.00 0.33 47.70 47.30 0.00
7/26/2007 12:33 28 17.5 4.30 0.35 50.50 50.10 0.00
7/26/2007 12:39 29 17.4 11.20 0.91 20.50 20.00 0.00
7/26/2007 2:10 30 18.8 4.30 0.34 267.60 260.30 0.10
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Table A (Continued).
Spatial/Temporal Information YSI 85 Meter
Date Time
Location
#
Dist.
to
next
#
(ft·)
DO
%
DO
mg/L
Cond.
frS)
Sp.
Cond. Sal.
iffit)_
7/26/2007 2:16 31 17.7 7.40 0.60 5.70 5.60 0.00
7/26/2007 2:23 32 19.3 3.70 0.30 204.70 200.90 0.10
7/26/2007 2:29 33 20.8 8.30 0.62 5.20 4.70 0.00
7/26/2007 2:35 34 17.4 4.00 0.32 14.00 13.60 0.00
7/26/2007 2:44 35 20.1 9.20 0.72 4.40 4.20 0.00
7/26/2007 2:50 36 24.4 3.60 0.29 68.90 68.00 0.00
7/26/2007 2:56 37 .22.5 4.90 0.39 6.10 6.00 0.00
7/26/2007 3:02 38 23.2 4.50 0.37 48.20 47.30 0.00
7/26/2007 3:08 39 .22.3 10.60 0.77 1.80 1.60 0.00
7/26/2007 3:14 40 25.7 5.40 0.44 49.10 47.80 0.00
7/26/2007 3:42 41 24.7 9.10 0.73 1.50 1.40 0.00
7/26/2007 3:48 42 24.2 15.10 1.10 330 2.90 0.00
7/26/2007 :53 43 22.8 11.20 0.86 1.80 1.70 0.00
7/26/2007 3:57 44 10.70 0.80 3.90 3.50 0.00
7/26/2007 4:01 45 22.9. 9.60 0.70 2.30 2.10 0.00
7/26/2007 4:05 46 21.0 8.60 0.70 100.30 99.00 0.00
7/26/2007 4:09 47 21.2 21.20 1.72 9.40 9.30 0.00
7/26/2007 4:14 48 20.8 11.20 0.91 4.70 4.60 0.00
7/26/2007 4:20 49 24.4 42.00 5.20 19.70 18.10 0.00
7/26/2007 4:41 50 19.9 19.80 1.54 0.00 0.00 0.00
7/26/2007 4:48 51 15.9 25.10 2.00 0.30 0.30 0.00
7/26/2007 4:54 52 24.9 46.00 3.54 176.10 163.50 0.10
7/26/2007 5:02 53 20.1 65.70 5.04 33.30 30.90 0.00
7/26/2007 5:08 54 23.2 16.90 1.34 4.30 4.20 0.00
7/26/2007 5:15 55 24.8 34.00 2.73 1.20 1.10 0.00
7/26/2007 5:21 56 21.6 14.00 1.12 4.00 3.90 0.00
7/26/2007 5:27 57 26.9 23.20 1.80 1.20 1.10 0.00
7/26/2007 5:35 58 30.8 11.00 0.91 54.50 54.10 0.00
7/27/2007
7/27/2007
8:50
8:56
59
60
T7A_
24.4
9.30
3.00
0.73
0.25
0.00
Ì 07.80
0.00
106.90
0.00
o.io-
Table A (Continued).
Spatial/Temporal Information YSI 85 Meter
Date
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
Time
9:02
9:07
9:13
9:19
9:33
9:40
9:46
9:52
10:00
10:42
10:48
10:53
11:01
11:07
11:14
11:21
11:42
12:02
12:08
12:19
12:24
12:34
3:10
3:15
3:21
3:26
3:31
3:37
Location
#
61
62
63
64
65 ,
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
Dist.
to
next
#
(ft.)
26.3
22.7
22.1
20.0
18.2
17.9
20.6
19.5
18.5
19.7
19.6
21.3
24.1
22.7
21.4
19.9
17.8
17.3
18.5
16.9
16.1
17.9
22.7
26.7
24.6
24.3
20.6
17.6
19.7
21.5
DO
%
8.50
6.70
8.20
5.20
7.40
3.40
7.80
4.20
4.70
6.50
4.20
4.10
4.30
3.10
4.10
8.40
6.20
8.00
5.50
5.70
3.00
65.30
15.10
16.10
11.50
27.40
21.30
16.90
DO
mg/L
0.69
0.54
0.67
0.43
0.61
0.28
0.64
0.35
0.39
0.52
0.34
0.33
0.34
0.25
0.33
0.66
0.48
0.62
0.44
0.45
0.24
4.90
1.12
1.21
0.83
2.04
1.65
1.32
Cond.
frS)
19.70
9.70
7.40
17.40
32.80
77.20
24.30
19.40
12.90
13.40
92.50
12.10
18.60
39.50
10.60
11.00
0.50
3.60
11.10
18.30
91.60
44.30
184.20
167.10
2.30
0.00
0.00
0.00
Sp.
Cond.
foS)
19.50
9.50
7.30
17.10
32.60
77.50
24.20
19.50
12.90
12.90
89.30
11.90
18.00
37.70
10.20
10.50
0.40
3.40
10.70
17.70
88.50
40.10
165.40
152.20
2.00
0.00
0.00
0.00
Sal.
ißEÖ_
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.10
0.10
0.00
0.00
0.00
0.00
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Table A (Continued).
Spatial/Temporal Information YSI 85 Meter
Date Time
Location
#
Dist.
to
next
#
(ft·) DO%
DO Cond.
frS)
Sp.
Cond.
frS)
Sal.
7/27/2007 3:45 91 21.2 95.50 6.58 80.70 67.30 0.00
7/27/2007 3:49 92 20.6 94.80 6.55 10.90 9.10 0.00
7/27/2007 3:53 93 18.1 94.10 6.51 105.20 88.00 0.00
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
3:58
4:04
4:08
4:12
4:16
4:20
.4:24
4:36
4:38
4:44
4:48
4:53
4:58
5:03
5:08
5:13
5:19
5:25
5:28
5:31
5:34
5:38
5:43
5:48
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
18.6
19.9
15.8
17.3
19.3
19.3
18/7
17.8
15.0
18.4
20.9
18.7
18.8
17.5
15,1
14.7
15.8
16.2
20.4
16.5
20.9
21.4
16.4
100.80
117.30
108.20
107.10
182.30
138.10
130.60
116.40
111.00
115.70
113.30
107.60
87.40
102.40
103.20
96.80
83.30
124.00
132.20
107.40
88.50
96.20
78.60
95.30
6.98
8.22
7.60
7.43
12.56
9.53
9.03
8.11
7.59
8.06
7.91
7.50
612
7.21
7.26
6.80
5.92
8.73
9.30
7.58
6.28
6.85
5.63
6.80
194.70
97.20
85.00
277.90
192.70
187.00
105.50
47.00
438.90
263.20
74.20
53.80
161.60
53.80
50.30
76.10
58.40
153.70
199.20
367.40
191.80
35.20
91.70
71.50
162.90
82.30
72.20
233.10
160.50
156.10
88.10
39.60
363.10
221.70
62.60
45.30
136.60
45.70
42.70
64.60
50.10
130.90
169.30
313.20
164.40
30.20
79.40
61.60
0.10
0.00
0.00
0.10
0.10
0.10
0.00
0.00
0.20
0.10
0.00
0.00
0.10
0.00
0.00
0.00
0.00
0.10
0.10
0.20
0.10
0.00
0.00
0.00
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Table B. pH, ORP, and temperature, as recorded using a Hannah pH/ORP meter for the
first sampling event of the pilot study, conducted 7/26-7/26/2007.
Spatial/Temporal Information
Date
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007·
7/26/2007
7/26/2007
7/26/2007
Time
8:25
8:34
8:45
8:50
9:05
9:15
9:25
9:32
9:44
9:55
10:07
10:18
10:24
10:34
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
7/26/2007
10:40
10:46
Location
#
1
10
11
12
13
14
15
10:54
10:58
11:10
11:21
11:40
11:51
11:55
12:00
12:08
12:14
12:25
12:33
12:39
2:10
16
17
18
19
20
21
Dist. To
next # (ft.)
22
23
24
25
26
27
28
29
30
22.2
18.9
22.7
19.6
18.4
15.3
18.9
18.9
15.3
14.3
23.2
18.7
17.2
18.8
18.2
25.2
pH/ORP Meter
pH_
7.47
7.20
7.36
7.35
7.14
7.42
7.46
7.20
7.28
7.15
7.18
7.02
7.05
7.08
ORP
(mV)
¦1.00
216.00
100.00
-93.00
135.00
25.00
32.00
130.00
35.00
179.00
182.00
165.00
148.00
7.06
19.0
20.9
18.0
16.3
16.0
17.5
23.2
21.9
17.4
16.4
18.4
17.5
17.4
18.8
7.15
7.32
7.14
7.20
7.20
7.20
7.15
7.15
6.89
7.05
7.00
6.95
7.05
7.03
6.91
141.00
156.00
166.00
13.00
205.00
187.00
171.00
Temp.
(°C)
158.00
155.00
-83.00
164.00
-87.00
205.00
233.00
155.00
209.00
252.00
25.80
25.40
25.90
26.20
24.60
25.30
25.90
25.20
25.50
24.90
25.10
Ì5.20
26.00
25.90
26.50
26.30
26.80
26.50
26.60
27.10
27.50
26.50
26.20
25.40
25.90
26.40
26.40
26.60
27.00
26.20
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Table B (Continued).
Spatial/Temporal Information pH/ORP Meter
Date Time
Location
#
Dist. To
next # (ft.) £*L
ORP
(mV)
7/26/2007 2:16 31 17.7 6.95 228.00
7/26/2007 2:23 32 19.3 6.95 246.00
7/26/2007 2:29 33 20.8 6.93 261.00
7/26/2007 2:35 34 17.4 6.86 254.00
7/26/2007 2:44 35 20.1 6.79 256.00
7/26/2007 2:50 36 24.4 6.87 273.00
7/26/2007 2:56 37 22.5 6.90 250.00
7/26/2007 3:02 38 23.2 6.94 252.00
7/26/2007 3:08 39 22.3 7.00 171.00
7/26/2007 3:14 40 25.7 7.00 215.00
7/26/2007 3:42 41 24.7 7.05 209.00
7/26/2007 3:48 42 24.2 7.01 179.00
7/26/2007 3:53 43 22.8 7.08 160.00
7/26/2007 3:57 44 21.8 7.11 124.00
7/26/2007 4:01 45 22.9 7.01 127.00
7/26/2007 4:05 46 21.0 6.97 -70.00
7/26/2007 4:09 47 21.2 6.96 135.00
7/26/2007 4:14 48 20.8 6.66 118.00
7/26/2007 4:20 49 24.4 6.99 -86.00
7/26/2007 4:41 50 19.9 7.02 169.00
7/26/2007 4:48 51 15.9 6.94 158.00
7/26/2007 4:54 52 24.9 7.16 10.00
7/26/2007 5:02 53 20.1 7.32 40.00
7/26/2007 5:08 54 23.2 7.15 -6.00
7/26/2007 5:15
7/26/2007 5:21
55
56
24.8 7.11 124.00
21.6 6.86 202.00
7/26/2007 5:27 57 26.9 6.90 -72.00
7/26/2007 5;35 58 30.8 6.93 155.00
7/27/2007 8:50 59 27.8 6.93 221.00
7/27/2007 8:56 60 24.4 6.89 252.00
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Table B (Continued).
Spatial/Temporal Information pH/ORP Meter
Date Time
Location
#
Dist. To
next # (ft.) PiL
ORP
(mV)
7/27/2007 9:02 61 26.3 6.97 222.00
7/27/2007 9:07 62 22.7 7.03 212.00
7/27/2007 9:13 63 22.1 7.03 210.00
7/27/2007 9:19 64 20.0 7.00 242.00
7/27/2007 9:33 65 18.2 7.10 196.00
7/27/2007 9:40 66 17.9 6.93 276.00
7/27/2007 9:46 67 20.6 7.04 232.00
7/27/2007 9:52 68 19.5 6.96 247.00
7/27/2007 10:00 69 18.5 7.00 253.00
7/27/2007 10:42 70 19.7 7.21 173.00
7/27/2007 10:48 71 19.6 7.29 192.00
7/27/2007 10:53 72 21.3 7.05 268.00
7/27/2007 11:01 73 24.1 7.19 240.00
7/27/2007 11:07 74 22.7 7.21 235.00
7/27/2007 11:14 75 21.4 7.12 253.00
7/27/2007 11:21 76 19.9 7.22 173.00
7/27/2007 11:42 77 17.8 7.12 189.00
7/27/2007 12:02 78 17.3 7.16 152.00
7/27/2007 12:08 79 18.5 7.11 181.00
80 16.9
81 16.1
7/27/2007 12:19 82 17.9 7.12 160.00
7/27/2007 12:24 83 22.7 7.08 206.00
7/27/2007 12:34 84 26.7 7.43 26.00
7/27/2007 3:10 85 24.6 7.24 50.00
7/27/2007 3:15 86 24.3 7.27 48.00
7/27/2007 3:21 87 20.6 6.98 127.00
7/27/2007 3:26 88 17.6 7.36 -32.00
7/27/2007 3:31 89 19.7 6.98 121.00
7/27/2007 3:37 90 21.5 7.15 -84.00
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Table B (Continued).
Spatial/Temporal Information pH/ORP Meter
Date
7/27/2007
7/27/2007
112112QQl
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
7/27/2007
Time
3:45
3:49
3:53
3:58
4:04
4:08
4:12
4:16
4:20
4:24
4:36
4:38
4:44
4:48
4:53
4:58
5:03
5:08
5:13
5:19
5:25
5:28
5:31
5:34
5:38
5:43
5:48
Location
#
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
Dist. To
next # (ft.)
21.2
20.6
18.1
18.6
19.9
15.8
17.3
19.3
19.3
18.7
17.8
15.0
18.4
20.9
18.7
18.8
17.5
15.1
14.7
15.8
16.2
20.4
16.5
20.9
21.4
16.4
PH
7.84
7.82
7.82
7.85
7.83
7.84
7.86
8.17
7.98
7.94
7.92
7.72
7.90
7.89
7.88
7.77
7.88
7.84
7.82
7.74
7.92
7.94
7.88
7.76
7.79
7.66
7.71
ORP
(mV)
32.00
37.00
26.00
32.00
47.00
50.00
34.00
44.00
57.00
54.00
64.00
35.00
61.00
59.00
65.00
69.00
59.00
65.00
74.00
81.00
77.00
63.00
64.00
64.00
74.00
80.00
85.00
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Table C. Dissolved oxygen, conductivity, salinity, and temperature as recorded using a
YSI 85 meter for the second sampling event of the pilot study, conducted 8/9-8/10/2007.
Spatial/Temporal Information YSI 85 Meter
Date Time
Location
#
Dist. to
next #
m
DO
%
DO
mg/L
Cond.
0*S)
Sp.
Cond.
frS)
Sal.
(EEO
Temp.
(0O
8/9/2007 10:30 1 22.2 122 8.94 0 0 0 30.5
8/9/2007 10:35 18.9 104 7.72 28.6 25.8 0 30.5
8/9/2007 10:51 22.7 80.1 5.91 493 439.7 0.2 31.3
8/9/2007 10:55 19.6 48.3 3.69 7.3 6.8 29.4
8/9/2007 10:59 18.4 9.2 0.78 21 21.6 25.5
8/9/2007 11:05 15.3 20.6 1.72 9.9 10 24.6
8/9/2007 11:10 18.9 29.7 2.44 43.3 43 25.4
8/9/2007 11:22 18.9 13.5 1.18 10.5 11.1 22.2
8/9/2007 11:29 15.3 31.2 2.73 53.2 56.5 22
8/9/2007 11:36 10 14.3 19.1 1.7 17.2 18.5 21.3
8/9/2007 11:43 11 23.2 15.8 1.4 74.1 79.6 21.4
8/9/2007 11:50 12 18.7 12.4 1.1 21.2 22.8 21.2
8/9/2007 11:57 13 17.2 16.2 1.47 668 716 0.4 21.5
8/9/2007 12:06 14 18.8 25.5 2.24 361.2 384.6 0.2 21.8
8/9/2007 12:12 15 18.2 20.2 1.78 279 298 0.1 21.7
8/9/2007 12:17 16 25.2 17.2 1.47 113.9 117.8 0.1 23.3
8/9/2007 12:58 17 19.0 29.3 2.4 31.2 30.4 25.4
8/9/2007 2:03 18 20.9 30.1 2.52 289.4 294 0.1 24.2
8/9/2007 2:08 19 18.0 20 1.68 12.7 13 24.2
8/9/2007 2:12 20 16.3 17 1.34 10.3 9.9 27.5
8/9/2007 2:16 21 16.0 17.7 20.2 20.9 23.3
8/9/2007 2:21 22 17.5 19.9 1.71 87.6 91.4 22.8
8/9/2007 2:27 23 23.2 14.9 1.27 42.5 43.9 23.3
8/9/2007 2:36 24 21.9 13.1 1.12 192.8 201.1 0.1 22.8
8/9/2007 2:44 25 17.4 15 1.22 15.3 15 26
8/9/2007 2:50 26 16.4 19.2 1.6 9.1 9.2 24.4
8/9/2007 2:55 27 18.4 9.5 0.81 39.3 40.8 23.1
8/9/2007 3:01 28 17.5 8.4 0.73 26.1 27.4 22.4
8/9/2007 3:06 29 17.4 24.6 2.05 28.3 28.6 24.5
8/9/2007 3:12 30 18.8 13.3 1.15 209 219.2 0.1 22.5
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Table C (Continued).
Spatial,
Date
/Temporal Information
Time
Location
#
Dist. to
next #
(M
YSI 85 Meter
DO
%
DO
mg/L
Cond.
foS)
Sp.
Cond.
(µß)
Sal.
ML
8/9/2007 3:30
8/9/2007 3:36
8/9/2007 3:41
8/9/2007 3:46
8/9/2007 3:51
8/9/2007 3:55
8/9/2007 4:00
31 17.7 18.3 1.53
32 19.3 10.6 0.9
87.4
58.7
88.5 0
60.7
33 20.8 15
34 17.4 22.5
35 20.1 9.3
36 24.4 10.6
1.28
1.85
0.81
0.92
33.4 34.3
_0_
0
19.7 19.6
74.4 78.5
15.7 16.5
37 22.5 13.3 1.16 50.2 53.4
8/9/2007 4:08 38 23.2 13.3 1.17 18.4 19.5
8/9/2007 4:13 39 22.3 18.8 1.66 19.8 21.3
8/9/2007 4:17 40 25.7 22.7 2.03 8.2 8.9
8/9/2007 4:22 41 24.7 32 2.81 5.9 6.2
8/9/2007 4:28 42 24.2 20.4 1.76 35.6 37.3
8/9/2007 4:33 43 22.8 26.7 2.27 18.2 16.8
8/9/2007 4:38 44 21.8 32.4 2.81 18.5 19.5
8/9/2007 4:47 45 22.9 29.7 2.58 13.4 14.1
8/9/2007 4:55 46 21.0 34 2.93 22.8 23.8
8/9/2007 4:59 47 21.2 29.5 2.59 28.4 30.2
8/9/2007 5:04 48 20.8 20.2 1.76 46.3 48.9
8/9/2007 5:07 49 24.4 15.8 1.29 32.5 32.2
8/9/2007
8/10/2007
8/10/2007
8/10/20Q7
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
5:16
8:32
8:37
8:42
8:47
8:51
8:57
9:02
9:08
9:14
9:22
j>0_
51
52
53
54
55
56
57
58
59
60
19.9
15.9
24.9
20?!
23.2
24.8
21.6
26.9
30.8
27.8
24.4
20.5
26.4
26.7
27.6
23.1
27.6
67
21.1
15.5
14.1
12.6
1.78
2.35
2.39
2.42
2.07
2.42
5.8
1.8
1.37
1.18
1.07
1.4
125.7
68.5
61.8
57.7
8.7
114.5
6.9
61.7
10.1
96.9
1.4
135.5
74.6
65.7
62.8
9.3
120.1
7.2
66.1
10.3
99.4
0.1
0
0
0
0.1
0
0
0
0.1
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Table C (Continued).
Spatial/Temporal Information YSI 85 Meter
Date
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
Time
9:28
9:32
9:37
9:42
9:48
9:55
10:05
10:12
10:17
10:21
10:26
10:31
10:37
1:05
1:09
1:14
1:19
1:26
1:31
:37
:40
:46
:51
:55
:59
:07
:13
:16
:20
Sample
#
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
Dist. to
next #
(à)
26.3
22.7
22.1
20.0
18.2
17.9
20.6
19.5
18.5
19.7
19.6
21.3
24.1
22.7
21.4
19.9
17.8
17.3
18.5
16.9
16.1
17.9
22.7
26.7
24.6
24.3
20.6
17.6
19.7
21.5
DO
%
15.4
24.6
18.5
5.9
15.9
10
8.2
7.3
17.1
22.7
22.5
6.6
25
13.8
69.6
25.3
65.8
18
16.2
34.7
117
259
158
95
187
183
182
174
DO
mg/L
1.33
2.07
1.58
0.5
1.41
0.89
0.73
0.63
1.5
1.98
1.96
0.58
2.18
1.1
5.66
2.21
0.44
5.48
1.45
1.37
2.93
9.11"
18.2
12
7.37
13.2
13
13
12.6
Cond.
21.5
5.9
68.2
41
50.5
95.6
102.3
16.1
20.8
188.5
133
7.2
15.8
93.7
38.7
34.3
31.2
38.2
2.9
120.8
34.4
64.6
467.7
249.6
362.6
146.9
"207.5
62.1
281.2
Sp.
Cond.
frS)
22.5
6
70.6
42.4
54.4
103.2
109.8
16.8
22.1
198.9
140.4
7.7
16.7
96.4
38
36.3
32.8
38.6
2.8
124.5
35.1 "
60.7
397.3
229.3
340.2
125.8
178.5
53.5
245.3
SaI.
(PPt)
0.1
0.1
0.1
0.1
0.1
0.2
0.1
0.2
0.1
0.1
0.1
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Table C (Continued).
Spatial/Temporal Information YSI 85 Meter
Date
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
Time
2:24
2:28
2:32
2:37
2:41
2:44
2:49
2:53
2:57
3:00
3:40
3:50
3:55
4:00
4:11
4:17
4:22
4:28
4:34"
4:39
4:46
4:49
4:54
4:58
5:02
5:06
5:12
Sample
#
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
Dist. to
next#
m
21.2
20.6
18.1
18.6
19.9
15.8
17.3
19.3
19.3
18.7
17.8
15.0
18.4
20.9
18.7
18.8
17.5
15.1
14.7
15.8
16.2
20.4
16.5
20.9
21.4
16.4
DO
%
170
171
185
185
194
191
200
199
206
223
20.5
212
209
214
192
190
196
191
199
183
188
188
169
162
165
164
160
DO
mg/L
12.3
12.4
13.4
13.4
14.1
14
14.6
14.4
15
16.1
1.78
15
150
15.3
13.6
13.5
13.9
13.5
14.2
13.1
13.5
13.5
" 12.2
11.8
11.9
11.9
117
Gond.
(µ§)_
263.8
57.4
101.4
301.9
131.3
210.4
38.7
137
437.8
274.3
1.4
252.2
468
304
445.7
370.6
157.1
313.3
230.1
254.3
111.7
28
145.4
66.4
77
180.4
33.7
Sp.
Gond.
(µ&)
230.9
50.3
88.6
263.6
115.3
185.6
34.1
120
384.2
240.2
1.4
216.3
404.9
262.2
382.3
319.4
134.9
268.5
198.7
220
96.6
24.3
127
58.2
67.2
157.8
29.8
Sal.
(PPt)
0.1
0
0.1
0.1
0.1
0.1
0.2
0.1
0.1
0.2
0.1
0.2
0.2
"O.l
0.1
0.1
"0.1
0.1
0.1
0.1
81
Table D. pH, ORP, and temperature, as recorded using a Hannah pH/ORP meter for the
second sampling event of the pilot study, conducted 8/9-8/10/2007.
Spatial/Temporal Information pH/ORP Meter
Date
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
"8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
8/9/2007
"8/9/2007
Time
10:30
10:35
10:51
10:55
10:59
11:05
11:10
11:22
11:29
11:36
11:43
11:50
11:57
12:06
12:12
12:17
12:58
2:03
2:08
2:12"
2:16
2:21
2:27
2:36
2:44
2:50
2:55
3:01
3:06
3:12
Location
#
1
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
_26_
2~7
28
29
30
Dist. To
next # (ft.)
22.2
18.9
22.7
19.6
18.4
15.3
18.9
18.9
15.3
14.3
23.2
18.7
17.2
18.8
18.2
25.2
19.0
20.9
18.0
16.3
16.0
17.5
23.2
21.9
17.4
16.4
18.4
17.5
17.4
18.8
pH
9.17
9.07
8.94
8.48
7.14
7.79
7.08
7.21
7.22
7.19
7.18
7.18
7.21
7.23
7.25
7.26
7.26
7.16
7.09
7.22
7.15
6.9
6.84
6.92
6.91
6.96
7.02
7.12
7.04
ORP
(mV)
-91
-72
-79
118
186
-20
16
206
21
160
159
125
-72
11
_-76_
119
-84
-14
-96
-80
-14
-34
144
174
201
214
216
188
162
183
Temp.
(°C)
35
32.9
33.7
31.6
25.2
26.6
27.1
24.6
23.7
22.5
22.6
23.1
23.2
23.2
22 .
24.3
27.8
25.8
25.3
24.5
24.6
24.3
24.6
24.1
24.1
24.5
24.9
24.1
25.4
23.9
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Table D (Continued).
Spatial/Temporal Information pH/ORP Meter
Date Time
Location
#
Dist. To
next # (ft.) Pu
ORP
(mV)
Temp.
(°C)
8/9/2007 3:30 31 17.7 7.03 163 26.6
8/9/2007 3:36 32 19.3 7.02 149 24.9
8/9/2007 3:41 33 20.8 6.96 182 25
8/9/2007 3:46 34 17.4 7.04 180 25.8
8/9/2007 3:51 35 20.1 6.76 234 23.8
8/9/2007 3:55 36 24.4 157 23.5
8/9/2007 4:00 37 22.5 -44 23.2
8/9/2007 4:08 38 23.2 7.01 -78 23.4
8/9/2007 4:13 39 22.3 7.03 -24 22.7
8/9/2007 4:17 40 25.7 7.08 13 22.7
8/9/2007 4:22 41 24.7 7.16 -33 23.2
8/9/2007 4:28 42 24.2 6.99 -97 23.9
8/9/2007 4:33 43 22.8 7.18 155 23.6
8/9/2007 4:38 44 21.8 7.13 -28 23.9
8/9/2007 4:47 45 22.9 7.02 -39 23.9
8/9/2007 4:55 46 21.0 7.1 42 24.7
8/9/2007 4:59 47 21.2 6.89 102 23.3
8/9/2007 5:04 48 20.8 6.8 129 23.7
8/9/2007 5:07 49 24.4 7.02 110 26.2
8/9/2007 5:16 50 19.9 6.82 152 24.8
8/10/2007 8:32 51 15.9 7.2 70 23
8/10/2007 8:37 52 24.9 7.08 115 22.4
8/10/2007 8:42 53 20.1 7.18 17 23.4
8/10/2007 8:47 54 23.2 7.09 25 22.4
8/10/2007 8:51 55 24.8 7.09 -89 24.1
8/10/2007 8:57 56 21.6 7.09 132 24.3
8/10/2007 9:02 57 26.9 6.98 125 23.6
8/10/2007 9:08 58 30.8 7.13 106 23.4
8/10/2007 9:14 59 27.8 7.08 170 23.7
8/10/2007 9:22 60 24.4 7.12 178 25.1
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Table D (Continued).
Spatial/Temporal Information pH/ORP Meter
Date
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
Time
9:28
9:32
9:37
9:42
9:48
9:55
10:05
10:12
10:17
10:21
10:26
10:31
10:37
1:05
1:09
1:14
1:19
1:26
1:31
1:37
1:40
1:46
1:51
1:55
1:59
2:07
2:13
2:16
2:20
Sample
#
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
Dist. To
next # (ft.)
26.3
22.7
22.1
20.0
18.2
17.9
20.6
19.5
18.5
19.7
19.6
21.3
24.1
22.7
21.4
19.9
17.8
17.3
18.5
16.9
16.1
17.9
22.7
26.7
24.6
24.3
20.6
17.6
19.7
21.5
7.14
7.25
7.13
7.09
7.12
7.07
7.08
6.95
7.25
7.27
7.29
7.15
7.22
7.2
7.41
7.29
6.95
7.3
7.2
7.13
7.16
7.43
8.63
7.9
7.61
8.78
8.79
8.79
8.77
ORP
(mV)
-66
-12
140
129
151
219
196
229
172
156
123
226
195
185
-10
155
220
29
35
27
55
66
40
55
58
32
34
37
40
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Table D (Continued).
Spatial/Temporal Information pH/ORP Meter
Date
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007'
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
8/10/2007
Time
2:24
2:28
2:32
2:37
2:41
2:44
2:49
2:53
2:57"
3:00
3:40
3:50
3:55
4:00
4:11
4:17
4:22
4:28
4:34
4:39
4:46
4:49"
4:54
4:58
5:02
5:06
5:12
Sample
#
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
Dist. To
next # (ft.)
21.2
20.6
18.1
18.6
19.9
15.8
17.3
19.3
19.3
18.7
17.8
15.0
18.4
20.9
18.78
17.5
15.1
14.7
15.8
16.2
20.416 5
20.9
21.4
16.4
PH
8.79
8.77
8.82
8.82
8.85
8.84
8.89
8.89
8.92
8.96
8.88
8.91
8.91
8.94
8.89
8.9
8.9
8.91
8.9
8.91
8.91
8.91
8.86
8.85
8.85
8.87
8.86
ORP
(mV)
40
42
47
37
44
37
36
47
" 46
43
40
48
55
54
50
48
55
" 56
47
54
_58_
" 56
49 "
62
56
54
62
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APPENDIX II
WATER QUALITY DATA FROM ALTA CHANNEL
Table E. Nutrient Data. Data accessed from Southern NV Water Authority (SNWA).
SAMPLE
DATE
NH4
mg/L
NO2
mg/L
NO3
mg/L
NO3NO2
mgN/L
TKN
mg/L
OP
mg/L
10/25/2000 0.16 0.08 1.28 1.28 0.60 0.103
1/18/2001 <0.08 0.08 4.38 4.38 0.50 0.029
4/25/2001 0.30 0.18 1.37 1.55 1.30 NA
7/30/2001 <0.08 <0.08 0.70 0.70 NA NA
10/24/2001 <0.08 <0.08 4.40 4.40 NA 0.020
1/23/2002 <0.08 <0.08 4.30 4.30 NA 0.008
4/24/2002 1.24 <0.08 <0.08 1.32 4.40 0.285
7/24/2002 <0.08 <0.08 <0.08 0.08 2.90 0.086
10/23/2002 0.18 <0.08 2.38 2.56 1.20 0.054
1/22/2003 <0.08 <0.08 3.94 3.94 NA 0.032
4/23/2003 <0.08 <0.08 2.90 2.90 NA 0.045
7/23/2003 0.032 NA 1.70 1.40 1.50 0.008
10/22/2003 ND ND 3.40 2.90 0.82 0.115
1/21/2004 ND ND 5.0 5.2 1.20 0.007
4/21/2004 ND ND 5.10 5.60 1.20 0.007
7/21/2004 NS NS NS NS NS NS
10/27/2004 NS ND 3.40 3.40 NS NS
1/26/2005 1.10 0.53 3.70 4.23 6.30 0.080
4/19/2005 ND ND 6.20 7.10 0.71 0.004
7/20/2005 ND ND 2.00 2.00 1.50 0.005
10/26/2005 0.03 ND ND 3.10 2.00 0.061
1/19/2006 0.14 5.42 5.50 ND
4/18/2006 ND 6.00 6.00 0.005
7/27/2006 0.15 0.12 1.11 1.20 1.10 0.036
10/25/2006 ND ND 0.90 0.91 ND NA
1/23/2007 ND ND 5.19 5.20 1.00 0.003
4/18/2007 <0.1 0.10 2.94 2.90 1.50 0.044
7/18/2007 0.13 0.10 0.58 0.58 1.30 0.007
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Table F. Trace Metals as Measured from Water Samples Collected in Alta Flood
Channel from 2000 to 2007. Data accessed from Southern Nevada Water Authority
(SNWA).
Date
C
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10/25/2000 ND ND 50.0 ND 4.9 ND 0.5 9.1 7.2 5.0
1/18/2001 25.0 2.1 33.0 2.9 5.3 ND ND 5.1 7.6 ND
4/25/2001 25.0 4.1 57.0 2.4 7.0 ND 0.7 17.0 6.3 ND
7/30/2001 90.0 3.9 47.0 1.8 8.4 0.2 2.4 7.5 6.7 ND
10/24/2001 140.0 5.0 43.0 2.0 9.7 ND 1.6 5.8 5.5 ND
1/24/2002 110.0 ND 29.0 2.9 6.1 ND 1.2 5.3 9.3 7.3
4/24/2002 25.0 5.6 52.0 2.1 7.7 0.3 0.6 29.0 5.4 1.7
7/24/2002 ND 2.7 64.0 2.3 7.0 ND 0.7 3.1 6.2 2.9
10/23/2002 ND 4.1 42.0 2.5 3.9 ND ND ND 6.7 5.4
1/22/2003 ND 2.8 26.0 1.3 6.4 ND ND ND 5.9 6.3
4/23/2003 ND 2.7 40.0 ND 10.0 ND 0.7 ND ND 5.5
7/23/2003 49.0 3.3 78.0 3.4 24.0 0.17 1.5 7.4 5.9 ND
10/22/2003 50.0 3.4 65.0 1.1 8.9 0.074 0.83 2.4 7.4 4.7
1/21/2004 460.0 4.7 54 ND 4.2 0.29 1.3 12 6.7 ND
4/21/2004 ND ND 35.0 ND ND 0.017 ND ND ND ND
7/21/2004 ND 2.7 92.0 1.0 12.0 0.070 ND ND 5.7 7.0
10/27/2004 ND ND 38.0 ND ND 0.066 ND ND ND 4.3
1/26/2005 880.0 ND 94.0 7.1 43.0 1.500 11.0 55.0 ND 3.0
4/19/2005 ND 3.3 37.0 3.1 3.2 0.040 ND ND 9.0 8.5
7/20/2005 ND ND 63.0 ND 10.0 0.110 ND ND ND 6.1
10/26/2005 34.0 3.1 69.0 ND 5.1 0.065 ND 2.7 ND 6.2
1/19/2006 ND 2.8 34.0 0.8 2.5 ND ND 3.9 6.9 7.9
4/18/2006 57.0 3.4 180.0 1.0 9.4 0.120 0.52 27.0 8.6 5.8
7/27/2006 12.0 3.8 63.0 0.5 6.0 ND 0.3 3.0 1.2 4.0
10/25/2006 26.0 4.7 47.0 0.7 1.1 0.570 ND 24.0 2.1 1.3
1/23/2007 ND 2.8 35.0 0.6 1.6 ND ND 1.3 0.9 7.9
4/18/2007 29.0 3.1 59.0 0.7 5.3 0.056 0.3 6.0 1.3 5.9
7/18/2007 44.0 3.6 41.0 1.1 5.5 0.046 0.3 2.0 ND 4.3
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Table G. Conductivity, DO, pH, and Temperature as Measured in Water Samples
Collected in Alta Flood Channel from 10/25/2000 to 7/18/2007. Data accessed from
Southern Nevada Water Authority (SNWA).
Date
10/25/2000
1/18/2001
4/25/2001
7/30/2001
10/24/2001
1/23/2002
4/24/2002
7/24/2002
10/23/2002
1/22/2003
4/23/2003
7/23/2003
10/22/2003
1/21/2004
4/21/2004
Conductivity
7/21/2004
10/27/2004
1/26/2005
4/19/2005
7/20/2005
10/26/2005
1/19/2006
4/18/2006
7/27/2006
10/25/2006
1/23/2007
4/18/2007
7/18/2007
uS/cm
1929
2490
1851
1530
2200
2330
1038
1366
1630
2370
2180
1853
1832
2510
2580
1774
DO
mg/L
7.93
12.79
7.71
12.05
12.25
13.03
4.80
18.49
15.90
10.12
13.02
3.71
8.38
10.62
8.70
2140
565
2700
2070
2260
2610
2290
1809
2608
2357
1803
12.64
pH
Units
8.20
8.44
8.29
9.00
8.32
9.01
8.30
9.33
9.27
8.41
8.32
7.90
8.09
8.27
7.46
9.40
7.88
8.95
6.55
10.43
9.42
9.25
6.1
13.26
12.08
8.53
8.52
8.09
Temperature
7.64
8.14
8.81
8.20
8.26
8.77
8.44
8.3
8.21
8.67
14.2
1.0
15.0
24.0
20.1
5.5
17.5
29.6
22.8
8.8
15.5
28.0
17.3
7.5
14.2
26.1
16.6
14.7
15.1
29.8
17.1
6.4
22.9
25.1
0.4
8.4
23.1
Turbidity
NTU
1.52
0.50
3.45
8.02
8.35
3.53
7.30
4.05
2.08
0.75
0.83
2.62
1.69
1.13
0.77
2.15
2.40
68.50
0.90
3.22
9.51
0.83
12.4
2.66
0.74
1.66
3.91
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Table H. Major Anions and Cations, TDS, and TOC as Measured in Water Samples
Collected in Alta Flood Channel from 10/25/2000 to 7/18/2007. Data accessed from
Southern Nevada Water Authority (SNWA).
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10/25/2000 130 91 140 16 297 3.9 572 146 1380 5.5
1/18/2001 160 140 200 23 363 3.7 734 186 1870 3.0
4/25/2001 120 87 150 16 280 0.9 525 150 1280 6.9
7/30/2001 110 90 140 16 255 6.6 555 145 1220 13.6
10/24/2001 120 120 220 24 229 11.8 720 190 1640 7.2
1/23/2002 130 140 190 21 266 8.7 770 190 1730 5.1
4/24/2002 70 57 52 277 2.3 230 52 650 16.2
7/24/2002 110 65 110 13 191 39.3 470 130 930 11.1
10/23/2002 120 110 180 21 252 20.6 600 160 1450 6.7
1/22/2003 150 130 190 21 366 3.0 790 210 1770 4.1
4/23/2003 120 107 160 17 321 5.2 720 200 1620 6.0
7/23/2003 110 69 120 13 292 2.4 470 190 1280 12.9
10/22/2003 120 81 150 15 275 2.8 590 160 1290 9.6
1/21/2004 200 150 210 24 352 2.29 860 240 1920 4.6
4/21/2004 160 140 220 24 339 2.8 890 250 1960 7.4
7/21/2004 120 66 120 12 208 5.4 700 210 1350 8.8
10/27/2004 140 110 160 17 283 2.3 ND 190 1490 4.9
1/26/2005 99 53 90 12 133 ND 310 94 820 69.1
4/19/2005 170 150 230 25 332 2.7 910 260 2040 4.6
7/20/2005 120 110 190 21 193 7.9 680 200 1540 9.5
10/26/2005 110 79 150 15 293 ND 720 230 1630 4.2
1/19/2006 160 150 240 26 260 ND 940 270 2000 4.2
4/18/2006 140 99 220 19 300 ND 650 270 1700 9.9
7/27/2006 110 86 150 15 290 15.0 470 140 1300 9.1
10/25/2006 58 30 51 5.2 210 ND 170 ND 500 1.6
1/23/2007 170 160 270 26 350 ND 870 270 2000 3.5
4/18/2007 140 110 210 25 340 <2.0 690 230 1600 8.0
7/18/2007 93 80 150 16 200 <2.0 510 170 1100 5.8
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APPENDIX III
PROCEDURE FOR USING GEOPACKS BASIC FLOWMETER
Introduction
The Geopacks Basic Flowmeter consists of a propeller attached to a cable that runs
through detachable segments of PVC piping and attaches to a flow sensor. It contains
"feet" that can be attached below the impeller, elevating it above the underlying
sediment. The sensor counts the number of revolutions for the counter and this can be
used to calculate the flow rate in m/s, ft/s, or any other convenient unit of measure.
The purpose of determining flow rates in a constructed wetland at the Springs
Preserve is to understand the rate of flow between sampling locations, and consequently
how long sampling may be conducted at each location before sampling at that location is
compromised by upstream/downstream flow. In each of the two sampling events
conducted in the main study measuring trace metals, ions, and nutrients, samples were
collected at a maximum depth of 1 5 cm (6 inches) at or near the eastern shoreline.
Samples were collected at each of the four sampling locations, in sequence. Samples
were collected with a maximum collection time, for sampling locations 1 and 2, of 15-20
minutes. Samples for locations 3 and 4 were collected with a maximum collection time
of 30-40 minutes. Location 3 was moved about 180 feet (55 meters) upstream for the
second sampling event, due to no water being at location 3 for the second sampling event.
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Consequently, there are four sampling locations to consider when determining rate of
flow.
Procedure
The procedure was as follows for determining flow rates in the constructed wetland
and the Springs Preserve:
1) The meter was be assembled and turned on. Data sheets and a clipboard were used
for data collection.
2) The flow meter was placed in the sediment at the first sampling location, location 1 ,
with the impellar at a maximum depth of 15 cm, near the eastern shoreline. Removable
"feet" in different lengths could have been attached to achieve the desired depth of the
flow meter.
3) The switch on the sensor was turned to the up position, which zeroed the counter after
the impeller was turned on fractionally. The switch was then turned to the center
position, which was neutral.
4) Timing was started for sixty seconds (1 min.) by turning the switch to the down
position, which started the counter.
5) After 60 seconds (1 min.), the switch was flipped to center, the neutral position. The
number of counts was read and recorded, in counts/min.
7) Sample time, water body, reference point, collection point, and replication number
were recorded, using the same data form. Notes were taken, as needed.
7) Steps 1 -5 were repeated four times for location 1 .
8) Steps 1-6 were repeated for locations 2, 3, and 4.
91
Data Analysis
Counts/min. were later converted to m/s or ft/s using Excel. Means, standard
deviations, and a 95% confidence interval for flow rate were calculated at each of the
sampling locations. Then the distance between sampling locations was used to determine
estimated time required for water contaminant transport between the sampling locations.
Results
Field data were collected for the field using the Geopacks Basic Flow Meter and
measuring flow for each of the sampling locations studied in each of the sampling events.
In sampling areas 1 and 2, flow was measured. For areas 3 and 4, the sensitivity of the
flow meter was insufficient to detect the low flow at these locations. By measuring
distances between sampling locations and knowing the maximum flow rates at these
locations, means and standard deviations for multiple samplings per location were used to
calculate a 95% confidence interval for minimum travel time between sampling locations
(see Table 1).
Table 1 . Confidence intervals for minimum travel time it takes water from an upstream
sampling location to contaminate sampling locations downstream.
95% confidence interval, minimum travel time
_______ to next sampling location (h)
Site Event 1 Event 2
C 01 (1.04,0.96) (1.04,0.96)
C 02 (1.73,1.67) ' (1.46,1.40)
C 03 0.97 124
C 04
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It took 15-20 minutes to collect water samples and another 15-20 minutes to set up
for the next sampling location, for a total of 30-40 minutes per sampling location.
Minimum travel time between sampling locations is approximately one hour, and
probably longer because the flow meter's sensitivity was insufficient to detect actual flow
in the seasonally closed wetland system. Therefore, sampling was conducted rapidly
enough to avoid contamination of sampling locations from upstream water. In retrospect,
it would have been better to sample downstream to upstream, eliminating potential cross-
contamination. Even so, cross-contamination was not a problem with the rapidity of
sampling conducted.
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